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eling & orter, td., 

AY idee. Li 
S team 

Road Roters & "T'ractors. 


YARROW * GisStBie.7 
PASSENGER AND CARGO STHAMERS, 


SHALLOW DRAFT VESSELS. 





A. MY umtord, Lt 
CULVER STREET WORES, COLCHESTER. 
Ox ADMIRALTY axp Wan Orrice Lists. 
BNGINES for Torpedo Bosts, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, pages 25 and 33, last week. 


PATENT WATBR-TUBE BOILERS 
AUTOMATIC FEED REGULATORS, 


And A as supplied to the 
menidey ~~ hemes 2179 


J ohn H, Wilson &Co., Ltd., 
Birkenhead. 


See Illustrated Advertisement Page 97. 


Locomotive Shunting Cranes 


Steam and Eiectric Cranes, 


EXCAVATORS, ORANE-NAVVIES, GRABS, 
OONORETH-MIX ERS 

SHIPS’ WINDLASSES, WINCHRES, and 
DECK MACHINERY. 





‘nites 637 
Lust oy Stawpanp Sizes on APPLICATION, 


London Office: 15, VICTORIA STREET, 8.W. 1, 
LESS t N. 
bet (Shain a 
Sele Manufacturers: WHELDLESS Care] pa. be 
__ 8, WELLINGTON STREET, GLASGOW 
Mank Locomotives. 
Specification and Workmanship equal to 


Main Line 
R. & W. HAWTHORN, LESLIB & CO., Lt>., 
Enerweens, NEWCASTLE-ON- TYNE. 9944 


«C Spencer- Le wood”’ Patent 


Sole Makers : “Boilers. one. ” 


SPENCER - a te ow Lrp., o77 
Parliament Mansions, Vict St., London, 8.W. 


Pr 2s * (ice. 


Mechanical and Structural work undertaken. 
Special machines-and plant designed and super- 
vised during manufacture. Contracts for plant 
handled for inspection or complete supervision. 

PROGRESS ag ne gy te DESIGN CO., 
66; Victoria Street, London, 8. Ww. 5S 
_Telephone No,: Victoria 6162. 

















KE. 3 J. mee M.1.Mech.E., 
nes [| Tested and 
Beportea'U want 25 BF ind experience. Tel. : 
ae asd T3T Wire: * Ra g. London.” 
~Great Kastern oad, Strattora, - 15. 1194 
Seam | Hammers (with or 


nd-worked or MA 
TOOLS’ for for SHLPBULLDERS & BOILERMAEKS 


DAVI S & PRIMROSE, Lnarep, Seine, ieansenamn. 


| Penningtons, University 
TUTORS, 254, Oxford Manchester. 
Estab. 1876, Bnrol now for 1.0.8. Rod LMM Posi 
Courses, eS a Reinforced 
a under 


«xpert engineer, 23 3s. 


Bever, Dorling & Co., Ltd., 


RD. 

HIGH-OLASS ENGINES FOR ALL PURPOS 

also WINDING, BAULING, Ag AIR OO = 
G@ ENGINES. 1896 


(WFines.—Electric, Steam, 
HYDRAULIC and HAND 


of all 
- (noses RUS 














an, 2 o., Lrp., 
9948 


Wels Siaissesiesl “Fa Tubes 








818 
(Sampbells & Leer. L 4 
SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


VosPER & & Co. Lap., 





Lim ited, 

ENGINEERS, IRLAM, MANCHESTER. 

FEED WATER H Earans, 
CALORIFIBRS 


A BVAPORATORS, Row’s 
CONDENSERS, Aik HEATERS, Parents. 
STEAM any GAS KETTLES 
Merrill's ‘Patent TWIN ST 
(TRAPS. REDU 
SYPHONIASTBAMT REDUCING VALVES 
Hi h-class GUNMBTAL STEAM FITTING 


TER SOFTENING and FILTERING. 8723 


IRON & STEEL 


Tubes AND Piste 
AND 


Steel © tesen, 
Srevine AND Laores; Lia. 








Bolles. 
Ses page 17, Oct, 6. 


[ihe itchell (Conveyor and 


TRANSPORTER O©O., LTD., 
CowTRaCTING ENGINEERS. 


9947 








DESIGNERS and BUILDERS 
of 
all Classes of HANDLING MACHINERY. 


Atlantic sotes, 





GLASGOW - BIRMINGHAM LONDON. 
SHIP & LAUNON BUILDERS, 049551 
BNGINBERS # BOILER MAKERS. See Advertisement Page 6. heed 
MULTITUBULAR AND 
(Yochran OROSS-TUBE TYPES Fioonomy ! 


HIGH BOILER HFFICIBNOIBS 
ARE OBTAINED BY INSTALLING 


['odd Qi! Burners 


FUBL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 
49-51, HastcuEar, Loxpon, BO. 3. 
TODD SHIPYARDS OORPORATION, 


Builders of Steam and Motor Ships, Repsirers, 
Blestric Drive Installations. 


Twenty-one Floating Docks, Two Graving Docks, 
Twelve Shipways. 


25, Broadway, New York, U.S.A. 9960 














armature. . 
Blectrical driven Centrifugal 
952 | Pumps from 14 in.-10 in. outlet. 
JENNINGS, 
West Walls, Newcastle-on-Tyne. 


45-50, Holborm Viaduct, 
London, 8.0, 1. A h Ej 
Selogams: « Misootmce, Osat, Lenton.” | HOS, HytroPastmane ASH Ejector, 
Telephone: Holborn 2622. 9769 | dirt, Ashes discharged 20 ft. clear of vessel.—Apply, 
ps ———~_ | tects aud Surveyors, * ey 
rpibe Glasgow Railway London, B.C Od 4836 
Engineeri Compan ON ADMIRALTY LIST. 
forumegown * 
ee es gy ohn Kirkaldy, Ltd., 
ARRI London Office: 101, LeapewHAL. Sr., B.C. 3. 
RAILWAY © ee Ma & TRAMWAY Works: Buawr Mit  pireeutets Kesrx. 
CARRIAGE & WAGON IRONWORK, also 
° and Dial Plants. 
CAST-STEEL AXLE BOXES. oe z Fete _ _ > Nee 
Deel Engines, Six Cylinder, 
Two and Four stroke, 850, 1000, 1200 HP., Fredy Water Distillers. 
eneolant condition r ames for above 250 or 500 Main Peet P Pom th ah se 
ts, D.C, ediate Ctreulating Pum; 
Two 500 Ew. Turbine Sets. ) ye 500 Auxiliary oe ‘as 


Parsons 
volts D.C., with condensing plant and spare 
Price £2200. 
. Ram and other 
978 








& 
r. OLUTHA WORKS, GLASGOW. 


MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 


W. MacLellan, Limited, 


RAILWAY IRONWORK, BRIDGES, ROOFING,&c. 

Chief Offices: 199, Trongate,Guiaseow. Od 8547 
Registered Offices: Clutha ~—} 10, Princes 8t. 

Westminster, London, wi . 


P. Thurston, D.S8ce., 
Ragincsring . advice on Patents, 
inventions, odels Southampton 
Buildings, W.O. 2. ‘Tolborne 3543. 9961 





Fy lectric (jranes. 
['raversers. 
['ransporters. 





Desens: Drawings, Tracings. 


—E enaive aac 4 Bs Drawings made from clients’ sketches 


Lifts. 








The Scottish Tube Co., Ltd. 


Hixap Orrice : 34, Roberteon Street, Glasgow 





See Advertisement page 17. 


@ tron ow RAILWAY and TRAMWAY RULLI 


Makers of WHEELS me, Sanwa Li me 
Foremes, SMITH x Wonk, Tao 
> Pressep STEEL 


py 8 
Office and Chiet Wo 





YARROW * °G..S00h, 





LAND AND MARINE 
YARROW BOILERS. 
$19 
») ohn Bellamy L_pmited, 


MILLWALL, LONDON, 8, 


Boilers, Tanks & Mooring B Buoys 
CaIMsvs, Riverean “Ovaim snd Vantuasine 
PrIpxs, "iloerans, ) eH nr Reps oF 





RAILWAY AND TRAMWAY RO 





H4 W neehteon & Co. 


See Advertisement page 57, Oct. 6. 2403 


Petter ( ) taka: 


For Paraffin es 
Sizes 1) Bu, and upwards, 


Petters Limited, Yeovil. 


Sizes 25 to 600 BHP, 


Vj ickers- Petters, Ltd., Ipswich 


Bee advertisement alternate w 
*Phone—Holb, 541. Tele.—Andrubo, Holb., London, 


Andrews & Beaumont, 


CHARTERED PATENT AGENTS, 516 
29, Southampton Buildings, London, W.C, 2. 











ailway 
G witches and 
rossings. 
T. SUMMERSON & SONS, LIMITED, 
Das.imeror. 





GOLD MEDAL-Iyvenrions nt anneal 


[prckham: s Patent Sus 


WEIGHING MACHINES.— 
ROAD gah fa eer a Mebnng 4 sin Mleentore, Be, 
Loxpor, K.—Hydrau 

See Illus. Ce nae. = a page my +a 





W arcoop-Orts 
Lirts. 


Tio 


ce, Fussep Line, LOnDOe B.C. 4. 
Liowst Staxer, BIRMINGHAM. 
Sha Secgn Proto! ts 


Cention 


be 
62 & 








a. Single purpose machines & “ne 
designed. Drawings prepared for tt specifi- ott, ( ‘assels W illiamson, 
oy Rt tnd” "methanied wok £1, H, HEYWOOD & Co., Lap., P OO REED. «a 

owEN & ORISP, en, Reddish he Dol obs 

” Sas teste Wall ue = : 9063) Bee half-page Advertisement page 67, Sept. 29, 

b re tti Tux Guascow "Nele Srock Oe Works. ros Steam . 
ubes” an ittings.| [¥urst, Nelson & Co., Lid.,| des. " 
misten: soe manufacture FH reentaanwnToatiAgns WAGON & Pneumatic Power 
of “Armco” Rust and Corrosion Resisting Hammers 


Drop Stamping Plant 





Office : Md, Londeaball Serech, BO. Gases 


tial B, © S. at! Lincuneemt_| 























ENGINEERING. 


“[Ocr. 13, 1922, 4 








‘and | The Directors are 


and Botlers teapestea during 


[at. C.E., I Mech. E., ar 


and all 53, Boe we ee Km. ” Mir, G. P. 

KNOWLBS, B Inst.C.B., F.S.1., 

M.R.San.I., "PREPARBS CANDIDATIG persona ly 
Thousands of 


rrespondence successes 
or by a the last sixteen 

mence at any time. a 4 
8.W. Tel. 4780 Victoria 





Vistorte Bt. 8t., * Westminster, 





Conga gece Courses for 
Inst Hog Bn Inst.Mech London Uni 
.), and ALL ENGINEERING 
Ons een conducted ¥ #~ Mr. 
OR Ww PHILLIPS, B Bo. Ciqnionts),, Asaee 
M.lnst.C.8., MRS.L, FR. Also 


why Day 

Tuition in Office. Bxcellent results at all ‘Beten, 
Courses may commence st any time, and all 
Students receive individual tuition.—For full par- 
— apply to 8/11 Fparrese a, 58, 
Sours Jonny SrrReer, LIVE 515 


es C.E. Exams.—Successes 
as usual last Bxam. by Correspondence 4 
Pg: Successes b cant aot several prizes. Seo, 

” embraces ofessional experience.— 
Address 7434, OMices of 


GINEERING. 
owerin of Vessels. =A 
Practical Course of Instrucfion b by Garee. 
dence.—Address, for particulars terms, 
Offices of Breurernrine. 


‘A Brochure on “ Engineering 
Salesmanship and Sales Management,” 
written for oper by an BNGINEE SALES 
MANAGBHR, will be sent post free on application to 
DIRKOTOR, Tue InsTiruTs oF ENGINEERING 
SALESMANSHIP, 333, Oxford Rd., Manchester. 985 


—_— 


Gira Minatic 
THEV 

















TENDERS. 





SELBY URBAN DISTRICT COUNCIL. 
The Above named Council invite 


[lenders for the Erection of a 


GIRDER or FERRO-CONORBTE BRIDGE. 
Pad sar and Specifications to be sent in by Con- 


“The “Council do not bind themselves to accept the 
lowest or any Tender or Dest, ign. 
Particulars may be obtained at my Office. 
BRUOCB GRAY, A.M.1 0.8, F.R.S. Edin., 
Counoll Offices, Selby. W 498 





BAST INDIAN RAILWAY. 


The Directors are prepared torective u 
till even o'clock a.m, JS 


['enders for for the Supply of :-— 


IL 
2. PICKS, SHOVELS, &c. 
DGES. 


3. GIRDER BRIDG 
For Nos. 1 and 2 on Wednesday, the 25th October 
ednesday, the lst 


instant, and for~No. 3 on 
November proximo. 

Copies o' the Specifications can be obtained at 
the Company's Offices on payment of 21 1s, each. 
This fee will not be return 

G. #. LILLIB, 
Seer 
78-16, King William Street, 


London, B.C. 4, 
llth October, 1922. 


AUCKLAND HARBOUR BOARD, 
NEW Z ZBALAN ND, 


y: 


W 5% 





[lenders are Invited for the | “4% Tender. 


SOFTEE » a DELIVaay of 
ls Bs epeen 


(ands A headh Sl 
SBMI- SORTAL BALANONDJID 18 BLROTRIC 
UAY CRANBS. 


FOUR (4 oe Nk alternatively .or Three-ton) 
BALANOBD2 BLECTRIC © ROOF ORAN ORANES. 
ethan ) One-ton 
BLBCTRIO MONO-RAIL CRANES. 

unseen DIAGRAMS, AND FORMS 

OF TENDER can be obtained at the Office of the 
Board's nts :— 

essrs, W. & A. McArruur, Lrp., 

sie Silk Street, 


pee London, 8.0.3., 
= peymens of a io cde 2 


ulneas, 
Tenders to reach rte: 
let, Board, addressed :—TH Tt he \arhour 
uckland, New Benload 


LONDON COUNT: COUNCIL. 


(Trenders are Invited for the 
AN eet SUPPLY and 

ot CONTROL PANEL and SWITCHGBAE Gon 
NRBOTIONS tor Ht Nee 4 "Gnee at Greenwich 
othe Bpesiteatton, For 
conditions may be te 





of £2, This amount will 
be returnable onl the Tenderer shall ha’ 
mane Tender anda not have withdrwon the 


soot on be obtained 
sree = tee Oenaky Hall before the ols 





Tenders be addressed to 
Council oad “detivenct at the Goanty Hal, Woe er 
Mosaey: _ Dronartohe Ry I Four p.m. on 
onda m Tender recei 
~~ oo will be ¥ ~xg ye! 
e Counel ba ty bind itsel acce 
lowest or any Tender.” ee Ry at 


JAMBS BIRD, 





BOMBAY, BARODA & 


BNTRAL INDIA 
wat OO COMPANY. ~ 
prepared to receive up to Noon 
on Wednesday, 8th November 4 


#.| Tenders for the Supply of— 

LOCOMOTIVE TANK BN! 

Tenders must be made on forms, copies of which, 
with Specification, can be obtained at these offices 
on payment of 20s, each (which will not be 
roe. 

The Directors do not bind themselves to accept 


the lowest or any Tender. 
8.4.58. sore. 


Offices: 91, Petty France, 
Ww je Bat) Bag 8.W. 1. 


10th October, 1922. Ww 518 





BENGAL-NAGPUR RAILWAY COMPANY 
LIMITED. 


The Directors are prepared to receive 


Tenn for the following :— 


aye on SPAN GIRDER BRIDGES, 
FT. SPAN. 


sncation oma Form of Tender can be obtained 
¢ Oomp:"~"s Offices, 132, Gresham House, Old 
Broad 4-4 ondon, H.C. 2, on or after 9th 
October, 1 
A fee of Bi be Saget for the Specification, 
which will nc> »* returned 
Tenders must be submitted not later than Noon 
on Thursday, 19th October, 
The Directors do not bind themselves to accept 
the lowest or any Tender 
By Order of the a, 
T. R. WYNNE, 
Managing Director. 





SIAM. 
DBPARTMENT OF STATE RAILWAYS. 


NOTIOR. 


[renders are Invited for the 


SUPPLY of RAILWAY STORB MATERIALS. 

FB oa pee Drawings and Tender Forms may 

obtained mst peyment of £2 12s. from 

Meme C. P, SaxpBer¢, 40, Grosvenor Gardens, 
London, 8.W. 1 

Sealed Tenders, with the inscription ‘* Tender 
for the supply of Railway Store . 
must be forwarded to the undersi 
office in the City of Bangkok, 8' 
be received up to Two p.m. on Bist ne of 
January, 123, at which place and hour the Tenders 
will be publicly opened. 

Right is reserved to reject any or all Tenders 
and to accept any Tender which in the opinion 
of the undersigned is to the best interests of the 
Siam State Railways. 

General PURACHATRA, 
Commissioner-General. 
a malar kok. Railways, 


28th August, 


W 545 


WYCOMBE RURAL DISTRICT COUNCIL. 


STOKENCHUROH W. WATER SUPPLY. 
Conrracr 4. 


ERECTION OF COMBINED WATER TOWER, 
BNGINE HOUSE AND STOREROOM., 


lenders are Invited for the 
BRBCTION of a REINFORCED CONCRETE 
WATER TOWER, with Service Tank of 10,000 
gallons capaclty, ENGINE moves and STORE- 
inforcement to be plied by the 
Indented Bar and Concrete Baginen ng Co., Ltd., 
and fixed to their design. 
8 ty of Tender, and other infor- 
mation ma. 


Engineers, 
Street, Westminster, 8.W. 1, og payment of a fee 
of £1, which will be returned on receipt of a bona 


02 obtained from the Consulting 
esers. Lucas & Pyxr, 39, Victoria 


Tenders endorsed “Stokenchurch Water Supply, 
Contract 4,” should be addressed to the und ed, 
in a sealed envelope, on or before 26th October, 1922. 
The Council do not bind themselves to accept the 
lowest or any Tender. 
B. L. REYNOLDS, 


Clerk to the Council. 
High Wycombe, Bucks. 
12th October, 1922. W 622 





METROPOLITAN BOROUGH OF STEPNEY. 
BLECTRIOITY SUPPLY. 


PLANT FOR FOR SALE. 
The above-named Council have 


ee a the following 


One 1,000 Kw. pressure 1 
Parsons’ TC ORBINE, compint fe tae eae 
current generators, 250 
three- alternati 
complete with contra 


r.p.m, 


volts; each fitted with 
current slip rings, and 


condensor, Motor-driven 
Circulating Water Pump and spares, including 
spare armature for genera 
One a Kw., 180 lb. pressure 1,500 r.p.m. 
Parsons’ RBINE, cou pli to 1,750 xilo-volt. 
ampere, anne volts, 50 cycles, three-phase alter. 
nator with exciter, together with contrafio con- 
and motor-driven as water pump 


and condensate pump. 

One TURBO-ALTERNATOR, simnilarto hase mtg 

but with Willans and Robinson re-action turbine. 
The Plant can be inspected at any time, and by 

arrangement can be seen running. Farther par- 

ticul see So cttainss on aggmanies te the 


The Plant to offered tn ite t condition, and 
without Ee will be-constdered 


tee 
for one of oral ofthe camera 
The Council do not th above patin, 
highest, eramy tender. 
WM. ©. P. TAPPER, 
Ragineer and Manager 


27, Osborn Street, 





Wigan Ostober, 


W 521 


+» direct- } 5; 





THE HIGH COMMISSIONER FOR INDIA 


et for the Supply 


of :— 


—— ee for Locomotive Fire- 


TUBES, Boiler, 

’ PILLAR WATRE "ORANES, 
TYRBS, Steel, for Engines and Tenders. 
CRANE, Electric, Jib; and Crane, Electric, 


Overhead. 
BUFFERS, Jones’ Patent; Buffers, Ordinary 
and Sockets. 
- TOBSS, Boiler, Steel, Solid drawn. 
SHEBTS, Mild Steel, Galvanized, Corru- 
gated. 

Forms of Tender may be obtained from the 
Director-General, India Store Department, ss 
No. 16, Belvedere Road, Lambeth, 8.B. 1, 
Tenders are to be delivered at that Office not later 
than TWU o'clock p.m. on Friday, the 27th October, 
1922, for Nos. 1 to 3; on Tuesday, the the Bist 
October, 1922, for No. 4; and on Friday, 3rd Novem- 
ber, 1923, for Nos. § to 8. W 502 

T. RYAN, 
Director-General. 





KENT COUNTY COUNCIL. 
LENHAM SANATORIUM, 
The Sanatorium Committee invite 


Applications from Contractors 

who are pre to TENDER for the 
SUPPLY and ERECT ON of ELECTRIC oareceeg 
ATING PLANT, comprising Oil 


iB 
W 508 }oritchbourd, Batters: sls ALTHRATIONS sod 


ee ae to Blectric Lighting, Heating, Hot- 

aoe Laundry and Steam Plant and 
the BR. UN of NEW BUILDINGS for Plant 
with Alterations to Existing Buildings. 

Any Person desiring to Tender aud to receive a 

of the plans and specification must > 
application to the ek Set a Mr.T.J.8. 

Risanas, B.Sc., M.Inst.0 Victoria Street, 
Westminster, 8.W.1., not later ‘than Ten o'clock 
a.m. on Saturday, October zist, 1922, up to which 
time they may be inspected at that address during 
the hours of Ten o'clock a.m.and Four o'clock p.m. 
(Saturday and Sunday excepted). 

A limi number will be selected from those 
api ying to whom the Plans and Specification will 
will be sent in due course. 

The Committee do not bind themselves to accept 
the lowest or any Tender and acceptance of a Tender 
is subject to the approval of ~ pith of Health. 

J 
Gonsalting an 
17, —- Street, 8.W. 1 
h October, 1932. W 542 


CITY OF LEEDS. 
ELECTRICITY DEPARTMENT. 
TO IRON FOUNDERS. 


[lenders are Invited for the 
SUPPLY of IRON CASTINGS during the 
six months or twelve months commencing Ist 
Janua —_ 
Samp) may be seen and S 
Form nt "render obtained at 1, 


Leeds, 

Tenders in the 
Town Clerk, Sir 
10th November, 1922. 

The Corporation does not bind itself to accept 
the lowest or any Tender. 

©. NELSON HEFFORD, 
1, mae Road, Manager. 


eeds. 
12th October, 1922. W 540 
THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 





fication and 
hitehsll Road, 


ibed form are to reach the 


BERT Fox, by Noon on Friday, 





The Directors are prepared to receive 
[lenders for the Supply of the 

following STORES, namely :— 

Fee for Specification. 

Electric Incandescent Lamps 6/- 
Paints, D Iteries. etc, ... 
Galvan Corrugated Sheets, 
. 4. Axle-Boxes for Carriages and 

Wagons 
. 5 me 8 Open Hearth Steel. Boller 


White © Ootton Tape eos wes 98 
Spare Parts of gts 9 hen and 
owe eye End Doors) 10/- 
Whi eos one 10/- 
eos we 5/- 
-- 10/- 
eee = 
hi 


*. 10/- 


No. 1. 
No. 2. 
No. 3. 


| eae Jacks, etc. 
Linoleum... 
. Ropes, Twines, ete. 
L — Hy ang 
. Spring Stee 
Can 


Rolled Steel Dise Wheels and 
Azies for Car: and 
agons 10/- 
Specifications and Forms of “Tender may 


be 
obtained at this office on 


payment of the fee for the 

: mages ke pes payment will not be gg 
the fee should accom any «a 

post. Cheques and Postal Orders 6 should be mig 

and made payable to the Great Indian Peninsula 

Railway Compan pany. 

Tenders must delivered in separate enve! 
sealed and addressed to the und 5 
“Tender for Electric Incandescent 
the case may be, not later than Bleven o’c 
on Tuesday, the =. October, 1922 

The Directors do not bind themselves to accept 
the lowest or any 8 2, 


R. H. WALPOLE, 
Company's Offices, 
Co A 
a, peball Avenue 


” oF as 
a.m. 


B.C, 2. 


th October, 1922. 


W 537 


. ]adie. — — Assistant Manse 


REQUIRED for important 
pe my —— nave) phon aet drawing 
rm way carriage wag 
Convereode with modern shop 
control men. 
M oewrs J for 
rience, and copies of testi 


Bx 
full der 8 
i» to / 
78 care Dracons, Leadenhall St., London. 


he i 


—— 





eneral Manager Wantec 
Lendon with good up-t: 
plant for light for, ogo and engineering er - 
very well paid and permanent position would 
given toa good Engineer who is capable of br:: nglng 
some sound article of proved commercial va}; 
bs gp, | 
No money ig required, but a man who -oulg 
introduce profitable work. Inventions that : eeda 
lot. of publicity would not be considered suita»le,— 
addres, W 547, Offices of ENGINEERING. 





AssistantCommercial Mana ger 
REQUIRED for Branch Office in India; 
must have experience In Sales, Estimate: and 
Lieste yom ok ; ee eferred. — Apply 
by letter, statin ry requ and experi 

THE CAMPBELL GAS ENGINE CO. lin) 
Halifax, Yorkshire. W 625 





anted, Assistant Engineer 
MANAGER for Cement Works abroad; 
knowledge of Cement Manufacturing essential. 
Geod pay and prospects for the right man,— Write, 
giving particulars of experience, and stating salar 
required, age, married or single, etc., to, CEMEN' 
7 — 30, Cornhill, B.C. 8. Ww 





W orks Suberintondesk 


WANTED, for modern forge and machine 
sho Applications only uired m thos 
hav ng had previous good experience in the 
ye ge ag S. Crankshafts. Fh nage vitor 5 
etails of experience, age, and sa! require 
W 462, Offices of ENGINEERING. 





POWER HOUSE SUPERINTENDENT. 
anted, 


by 


Blectricity De 


Corporation 
rtment in the North of 
England, POWER HOUSE SUPERINTENDENT, 
wit: experience of modern three-phase and Boiler 
House Plant, and competent to obtain and 
msintain economical results and the tabulation 
thereof. 

Present salary on N.J.B. Schedule at the rate of 
2523 per annum. 

Applications in own handwriting, stating age, 
full particulars of ————. enclosing copies of 
testimonials and stating when duties could be 
commenced. 

Address, W 459, Offices of ENGINEERING. 


he Stanton Ironworks 
OMPANY LIMITED, near Nottingham, 
REQUIRE for their Holwell Works a fully qualified 
pe ph EER for supervising the maintenance and 
ration of the Plant (Blast Furnaces and 
undries) ;. a liberal salary will be paid. —Apply to 
the SECRETARY at the above address, S41 








BOMBAY PORT TRUST. 
ENGINEERING ASSISTANT. 
The Trustees of the Port of Bombay 


Rea quire the Services. of an 
ENGINEERING ASSISTANT with good 
experience of Girder, Bridge, and Roof Steel Work 
Design, , Buiiding Construction, and Heavy Masonry 

Should preferably have obtained experience 
in connection with pg or dock work, and 
have been some time wi geod contractor. 
Capable of preparing designs ‘a drawings and 
making calculations under the direct su sion of 
an Executive Engineer, Salary, Rupees 850 per 
month, rising annually by Rupees 30 per Sor mouth to 
Rupees 940, and if married, with such married 
officers’ house allowance as he may be eligible for 
— the rules of the service. Three years’ agree- 





Kppiteeioen, in writing ones te stating age, 
education, technical ss 0.0L one 
of testimonials, to the ULTI 
ENGINEERS, Bompay Port obRé' 2, eS 
Anne’s Gate, Westminster, 5S. W.1. V 509 


Wanted to Take Charge of a 


Shift in a et Power House, 
gg Trained ENGINEER, with experience 
h ure boilers, turbo generators and 
a re . three phase switch 
aaprenent salary on N.J.B. Schedule at the rate of 
annum 
=>? own "handwriting, enclosing copies of 
testliecalals, and stating age, present salary, end 
particulars of training. 
Address, 460, O 


(mil Engineer Required foal 
Sudan annum. Must 
have bad practical experience ia Pievelling, meevey! 
and setting out with theodolite. Age under 
State experience, training references.- Com- 
municate by letter with S. P.14, care of J. W- 
aed & Ce., Lrp., 5, Nicholas Lane, —_ Va 
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THE MOSSEND STEEL WORKS AND 
ROLLING MILLS. 


THE iron industry at Mossend, a small town about 
10 miles due east of Glasgow, dates back to 1839, 
when the works, the extensions of which we are 
about to describe, commenced the manufacture of 
puddled iron, which was rolled into bars and simple 
sections. The industry developed, and we believe 
we are right in saying that the Mossend Works 
eventually became the largest producers of iron 
plates and sections in Scotland. After the intro- 
duction of steel manufacture in 1880, considerable 
extensions to the plant and buildings were made, 
and in 1905 the entire works were purchased from 
the Summerlee and Mossend Iron and Steel Company 
by Messrs. William Beardmore and Co., Limited, of 
Glasgow. The works were then reorganised for the 
production of steel plates for shipbuilding, and 
shortly afterwards, the three-high mill, illustrated 
and described in ENGINEERING, vol. Ixxxvi, pages 
666 and 708, was installed. This mill still forms 
part of the old plant, though it is now driven elec- 
trically. The old plant, it may be mentioned, 
includes a shop containing 8 open-hearth furnaces 





ingots would cease with the termination of the war, 
some means must be found for absorbing the output 
of the furnaces in the manufacture of peace products. 
Messrs, Beardmore accordingly decided to put down 
rolling mills for the production of sections used for 
shipbuilding and structural work; more recently 
the manufacture of steel rails has been undertaken. 
It is these mills, together with the steel-making 
plant above referred to, that we propose to describe 
in detail ina series of articles, of which this is the 
first. By the installation of this plant Messrs. 
Beardmore have made themselves entirely indepen- 
dent of outside supplies of steel for their shipbuild- 
ing yard at Dalmuir, ship-plates and sections being 
supplied from Mossend, and boiler plates, sheets, 
forgings, and castings from their Parkhead Works; 
some of the castings are, however, produced at 
Mossend. A plan of the mills is given in Fig. 2, 
which forms the lower portion of Plate XX XIII, and 
it will be noticed that some alterations in the 
railway tracks in front of the furnaces have been 
made. The tracks shown in Fig. 1 are those used 
for transporting the shell ingots, which were cast in 
moulds on the floor, and these tracks were modified 





to the form shown in Fig. 2 to facilitate the casting 


melting shop and casting shop. These buildings, as 
well as those covering the rolling mill plant, were 
designed by the engineering staff of Messrs. Beardmore 
and constructed by Sir William Arrol and Co., 
Limited, of Bridgeton, Glasgow. They are of steel 
construction, covered with black corrugated sheets 
and glass, and the steelwork is rather heavier than 
usual in order to withstand the rough usage insepar- 
able from steel works practice. The subsoil of the 
site is a hard yellow clay, having good bearing pro- 
perties, so that no difficulty was experienced with 
the foundations for the columns or the heavy 
machinery. The excavation work, foundations, 
and the brickwork of the furnaces was carried out 
by Messrs. Shanks and McEwan, of Glasgow. The 
three bays above referred to have an average length 
of 1,200 ft., and the roof spans are approximately 
64 ft. in each case. In the marshalling shop, the 
wagons bringing the pig iron and scrap for the 
melting furnaces are dealt with, the materials 
being lifted by cranes fitted with electromagnets 
and dropped into steel boxes, placed on the 
charging platform. These boxes are handled by 
charging machines in the melting bay and their 
contents tipped into the furnaces, as will be ex- 
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each having a capacity of about 25 tons, but these 
furnaces have not been in operation for some time. 
On the outbreak of war the Mossend Works had 
an output of about 1,800 tons of plates per week. 

During the war the demand for steel for shells, and 
other war material, became so great that the existing 
facilities for steel making were totally inadequate to 
meet it. Large extensions were accordingly made to 
steel works in various parts of the country, and those 
at Mossend are an interesting example of the success- 
ful efforts made to meet requirements. A site of 
some 70 acres of agricultural land, adjoining the 
existing works, was acquired by Messrs. Beard- 
more, and plant comprising sixteen 50-ton Siemens- 
Martin furnaces, with the necessary gas producers 
and other accessories, was installed. This plant, a 
plan of which is given in Fig. 1, on Plate XXXIII, 
was intended for the production of comparatively 
light ingots for the manufacture of shells of from 8 in. 
to 15 in. calibre, the ingots being cast and parted at 
Mossend, and pressed into form and finished at 
Messrs. Beardmore’s Parkhead Works, in Glasgow. 
Work on the site was commenced in February, 1916, 
and the fact that the plant was working on a pro- 
duction basis in less than a year from that time is 
one upon which the directors and staff of Messrs. 
Beardmore, as well as those of the several contracting 
firms, must be congratulated. 

It was, of course, obvious to all concerned with the 
design of the plant that, as the demand for shell 


on cars of ingots for the rolling mills, as will be 
explained in detail later. 

The general lay-out of the works, for which Mr. 
G. T. Neilson was responsible, will best be followed 
by studying the key plan reproduced in Fig. 3 
annexed, in conjunction with the detailed plans, 
Figs. 1 and 2 on Plate XX XIII, and it is, perhaps, 
hardly necessary to point out that, in order to econo- 
mise space, the upper plan, Fig. 1, has been displaced 
somewhat to the left from its correct position relative 
to the lower plan, Fig. 2; the upper plan is also 
drawn to a slightly larger scale. On the northern 
side of the works isa boiler house containing four 
Lancashire boilers, each 30 ft. long by 8 ft. 
in diameter, which supply steam to the producers, 
and a hydraulic power station which supplies 
power for lifting doors, operating gas and air 
reversing valves at the furnaces, and tipping 
coal wagons at the producers, The hydraulic plant 
consists of two duplex pumps, having steam 
and water cylinders 18 in. and 4} in. in diameter, 
respectively, with a stroke of 15 in., and an 
accumulator, the ram of ‘which has a diameter 
of 16 in. and a stroke of 14 ft.; the working 
pressure is 750 Ib. per square inch. Immediately 
south of the boiler house and hydraulic plant 
is a row of 36 Morgan producers, arranged in a 
straight line in three groups of 12 each. South of 
the producers are buildings arranged in three parallel] 





bays forming, respectively, the marshalling shop, 





plained more fully later. In the casting shop 
the steel is tapped from the furnaces into ladles 
handled. by 100-ton cranes, and poured into ingot 
moulds mounted on cars. These cars are drawn 
first to the left of the plan, Fig. 2, and then 
back under the ingot stripper, shown on the extreme 
left of this figure. Here the moulds are removed 
and the ingots then pass on to the soaking pits, 
which are housed in a building at the western end 
of the rolling - mill buildings. From the soaking 
pits the ingots are conveyed to the cogging will, 
where they are rolled into blooms which pass on to 
the roughing and finishing mills, whence the finished 
material travels on live rollers to the hot saws and 
then on to the cooling beds and storage and loading 
bays at the eastern end of the buildings. Sections 
with specially deep flanges, such as beams and 
channels, are re-heated before rolling to finished form 
in an oil-fired re-heating furnace situated between 
the bloom shears and the roughing mill, the blooms 
being handled off and on to the live roller trains, 
and charged and drawn at the heating furnace by an 
electrically-operated overhead charging and drawing 
machine. Rails are straightened and finished on a 
separate bank, laid down south of the loading bank, 
the rails being conveyed to the finishing bank by 
electric overhead cranes. 

From the above brief general description of the 
procedure in the works it will be noticed that the 
raw materials enter at one end of the plant 
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and the finished products leave the buildings from 
the same end as that at which the materials 
entered. The two streams of traffic are, how- 
ever, completely separated, so that all congestion 
is obviated. It may here be mentioned that the 
whole question of handling materials and products 
has been very carefully considered in laying out the 
works, and everything possible has been done to 


of lighter castings, mainly for use in connection 
with the manufacture of locomotives at the firm’s 
Dalmuir works. This foundry, the position of which 
is indicated in Fig. 2, is capable of supplying the 
finished castings for from three to four locomotives 
per week. As will be seen from the illustration, it 








is housed in a building adjoining the rolling mills 
on the southern side of the works, this building 


into the steel boxes used in connection with the 
furnace-charging machines. These boxes will be 
conveyedin trucks to the marshalling shop and there 
lifted by overhead travelling cranes on to the 
charging floor, from which position they can be taken 
by the charging machine and their contents tipped 
into the furnaces. 

The rolling mill plant rolled its first-section, a 
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avoid the confusion, delay and unnecessary expense, 
which arise from inconvenient transport arrange- 
ments. With this object in view, current American 
and Continental practice in steelworks design has 
been studied at length, and the features which, in 
the experienced judgment of Messrs. Beardmore’s 
staff, appeared likely to increase the output of the 
plant, have been included in the design of the new 
works at Mossend. The result is a plant which is 
capable of producing 4,000 tons of finished material 
per week. The material produced in the new mill 
will include angles from 3$ in. by 3} in. upwards ; 
joists up to 18in. by 6 in. ; channels, rails, tin-plate 
bars and billets. Smaller angles down to 1} in. by 
1} in., as well as rounds and other light sections, 
railway wheel spokes and fish plates are produced 
in an electricaily-driven t‘i1ree-high mill in the old 
works from billets made in the new mill. Including 
the ship-plate mill, above referred to, the plant at 
Mossend will be able to produce} 6,000, tons. of 
finished steel per week. 

The works also include a heavy steel foundry in 
which castings such as stern frames, rudder posts, 
propeller brackets, &c., are poured directly from the 
Siemens furnaces. The foundry is situated at the 
western end of the melting shop, with the dressing 
shop and machine shop adjacent, as shown in the 
plans, Figs. 1 and 2. Its output is about three stern 
frames per week finished ready for erection into 
vessels. There is also a foundry for the production 


having three bays which form the moulding shop, 
dressing shop, and machine shop, respectively. A 
5-ton Stobie electric furnace, placed at the south 
end of the moulding shop, provides steel for this 
foundry, as well as special steels for aeroplane 
and motor-car parts. The shop, however, is so 
arranged that molten steel can be conveyed from 
the open-hearth furnaces for refining in the electric 
furnace. 

In a large steel works, such as we are now dealing 
with, the question of railway facilities is naturally 
one of paramount importance, so that the railway 
plan reproduced in Fig. 4 above will be studied 
with interest. The tracks which run nearly north 
and south on the right hand side of this figure 
form part of the main line of the Caledonian 
Railway. It will be noticed that very extensive 
sidings have been provided and that ample pro- 
vision has been made for the storage of raw 
materials in the open. The railway lines in the 
stockyard are not shown on the plan as their per- 
manent form has not yet been decided upon ; the 
traffic is at present worked on temporary lines. 

The principal raw materials are, of course, pig 
iron and scrap, and when these are delivered 
more rapidly than they are consumed, they will 
be taken from the trucks by means of loco- 
motive cranes fitted with lifting magnets, and 
piled up in the stock yard. When required for use 





they will be loaded, by the same method, directly 





6-in. by 6-in. angle, on 28th of November, 1919, 
and the works were formally opened in the middle 
of December of that year. 


(To be continued.) 





THE RELAY AUTOMATIC TELEPHONE 
SYSTEM. 
(Concluded from page 424.) 

Construction.—Figs. 8 and 9, on page 449, show 
50-line and 240-line exchanges respectively, the 
former being shown as equipped for 30 lines only. 
The sectional or unit type of construction adopted 
is self-evident. Every unit, such as a subscriber's 
group or a recorder, is contained in a separate box 
complete with dust-proof covers both front and back. 
On removal of the covers the entire unit is accessible 
and open for inspection on both sides. This method 
of assembly contributes in a large measure to the ease 
with which a “ relay ” exchange may be extended 
to accommodate additional subscribers and traffic, 
as extra boxes containing recorders, trunks, or 
groups of subscribers may be added as desired 





without disturbance to the existing plant. This 
feature is complementary to an important charac- 
teristic of the “ relay ” system, which lies in the fact 
that the initial equipment has merely to meet the 
requirements of the contemporary traffic ; there being 





no necessity to fit superfluous common apparatus at 
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and the number of boxes may be increased as 
required to keep pace with the growth of the service. 
Every box is, however, subdivided into two sections, 
each comprising five subscribers’ equipments 
together with the necessary links. Each section is 
entirely self-contained and independent, and is 
therefore equipped with separate links. . Figs. 10 
and 11 illustrate the general assembly, rear wiring 
and cabling of a group of 10 subscribers. The relays 
of the subscribers’ equipments are located along the 
bottom two rows, and the L.C. relays of the five 
links belonging to each section are accommodated 
on the upper five rows. For instance, in either 
section the topmost row contains the relays of the 
fifth link. Space is available in the top of the box 
for the relays of a future sixth link. A subscriber’s 
equipment is composed of three relays: line (LE.), 
cut-off (C.O.), and fault (F.), all of which may be 
identified in Fig. 10 along the bottom two rows. 

Relay LE. is the medium by which a caller, on 
lifting the receiver to originate a call, secures access 
toalink and outtrunk. Once having performed this 
service it is cut off from the line by relay C.O. for 
the remainder of the call. On the occurrence of any 
abnormal circumstance, such as a fault or irregular 
operation of the telephone, F is the relay that engages 
with the line concerned and temporarily debars it 
from all access to common apparatus in the exchange 
until normal conditions are restored. The conse- 
quences of an irregularity in connection with a 
subscribers’ circuit are therefore localised within a 
small compass. When any F relay is thus occupied 
the pilot relay of the group (third row from bottom) 
is energised and lights the pilot lamp immediately 
above it, thereby giving a visual indication of the 
occurrence. The O.T.T. (out trunk test) and I.T.T. 
(in trunk test) relays perform certain switching 
operations during a search for an idle circuit in such 
a manner that the test is directed over either the 
out trunks or the in trunks according to whether 
the call is an outward or inward one. As soon as a 
search becomes effective the L.M. (link marking) 
relay—with which every link is equipped—operates 
and arrests all further searching operations over 
other links. 

Fig. 11 conveys a clear impression of the general 
wiring arrangements in the rear of all relay units, 
and the accessibility of the connections when the 
cover isremoved. Reference has already been made 
to the complete nature of every relay unit as 
delivered from the factory. The internal con- 
nections are led out in cables ready wired to terminal 
strips, so that a relay unit may be readily added to 
an existing plant, the only connecting work to be 
executed on the site being that of inter-connecting 
the new terminal strips at the top of the rack where 
all such strips are grouped together. 

Fig. 12 depicts a relay unit consisting of nine 
A and B feeds and their associated recorder con- 
nectors. The several relays of No. 4 feed and its 
recorder connector may be identified by their 
respective codes. As the corresponding relays in 
the other rows perform the same functions for 
other feeds they bear, of course, the same codes as 
in the case of No. 4. On the extreme left are the 
two current feeding relays, A and B, which supply 
current for speaking purposes to subscribers in 
conversation. When the subscribers eventually 
replace their receivers relays A and B respond 
accordingly and break down the entire connection. 
Next to relay B are two condensers whose function 
is to separate two conversing subscribers so far as 
the supply of speaking current to each is concerned, 
thereby rendering them mutually independent, 
whilst at the same time permitting the free passage 
of speech between them. "he protective character 
of relay G during the engagement of the feed has 
been alluded to. Between the condensers and G is 
a miniature lamp, which glows throughout the 
period a feed is engaged. Should a caller dial a 
subscriber who is already engaged, relay BB per- 
forms the service of audibly intimating the ineffective 
nature of the call to the caller by the application of a 
busy back tone to the line. In the case of a success- 
ful call RG is the relay that applies ringing current 
to the line of the called party. Henee, at the con- 
clusion of a complete dialling operation either RG 
or BB is energised in the feed, according to whether 
the call is effective or not. 
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Immediately above RT is ‘the trunk engaging 
switch. When it is desired to withdraw an A and B 
feed from service for adjustment or other reason the 
mere opening of this switch is sufficient to cause the 
out-trunk in which the feed is incorporated to test 
engaged, and no dislocation of the traffic during 
adjustments can then result. The closing of the 
same switch in due course restores the feed to 
service. Between RG and FI is the thermostat 
and its controlling switch. The thermostat renders 
an exceedingly important service, as it is the means 
by which an A and B feed and its recorder connector 
are forcibly released from a subscriber’s circuit on 
the occurrence ‘of any abnormal circumstances 
tending to engage the out-trunk indefinitely. 

The five relays to the right of RG belong to the 
recorder connector. There are shown three RC 
relays, hence the connector has facilities for seeking 
any one of three recorders. A recorder is depicted 
in Fig. 13, in which it will be seen that the essential 
relays for counting and storing impulses are accom- 
modated along the lower row. The counting train 
comprises five U (units) relays and five I (impulse) 
relays, one of each of which responds to every 
impulse. If more than five impulses are received, 
relay TN 6 C or U 6 C (upper row) energises 
at the fifth impulse—according to whether a tens 
or units digit is concerned—after which the counting 
operations recommence at the first U and I relays 
and progress again along the remaining U and I 
relays. Hence the impulses of tens digit “9” would 
completely traverse all the U and I relays once, 
and then after energising TN 6 C and recommencing 
at U 1-6 and I. 1-6, would finally stop on reaching 
U 4-9 and I. 4-9 for the second time. The latter 
two relays would then transfer the digit to storing 
relay TN 4-9 and thereupon reset in readiness to 
count the succeeding train of impulses. 

Only four HD (hundreds) storing relays are repre- 
sented in Fig. 13, the number of course being 
determined by the value of the highest hundred 
in use in the exchange. Through the offices of 
relay BY (busy) a recorder is definitely engaged 
in the service of a subscriber on the arrival of the 
first of a train of impulses, To the left of BY two 
small lamps and a switch may be discerned. The 
switch known as the recorder engaging switch, is 
identical in its action and effect with the trunk 
ehgaging switch. One of the two lamps glows 





immediately the recorder has prepared to receive 
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the impulse from a subscriber about to dial; the 
other lamp glows immediately the first impulse 
arrives, and indicates that the recorder is definitely 
engaged. On conclusion of dialling, when the 
recorder is set for the dialled number, the services 
of the marker are secured through the medium of 
relay MC (marking control). A meter is provided 
for the purpose of registering the total number of 
calls dealt with by the recorder. 

A marker for a small exchange is illustrated in 
Fig. 14. It will be remembered that only one marker 
is required in an exchange not exceeding 1,000 lines, 
and that the marking wire of every subscriber is 
under its control. The pole-changer and busy back 
vibrator referred to in connection with Fig. 6 are 
shown in more detail in Fig. 15. Between them is 
a transformer for suitably stepping up the ringing 
voltage. In the lower right-hand corner are the 
interrupter relays for imparting an intermittent 
effect to the ringing. The pole changer is a most 
convenient and economical means of supplying 
ringing current for small exchanges; it has not, 
however, a sufficient output for the needs of large 
exchanges, and in these cases is supplanted by a 
rotary machine. The speed of operation of the 
pole changer is controlled by an adjustable pendu- 
lum. The high frequency of the busy back tone 
is obtained by omitting the controlling weight on 
the pendulum in the assembly of the busy back 
vibrator which, in consequence, operates very 
rapidly. 

Public Exchanges.—The more exacting require- 
ments of public exchange service do not necessitate 
any departure from the main principles employed 
on a smaller scale in private exchanges. Certain 
circuit modifications are required, however, for 
special purposes more or less peculiar to public 
systems, such as: (a) Registration of the effective 
ealls of individual subscribers; (b) provision of 
more elaborate fault and group alarm indications ; 
(c) operation over longer distances; (d) expansion 
of the call-carrying capacity of the trunking with 
more extensive grouping ; (e) transmission of ringing 
induction and dialling tone ; (f) provision of larger 
facilities for routine testing, &c. 

The constructional features are much the same as 
those of private exchanges. Main and intermediate 
distributing frames are equipped in the usual manner 
to enable the traffic to be distributed to the best 





advantage—an essential requirement where large 
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exchanges are involved. All the apparatus is 
mounted on open racks of uniform height so arranged 
that all the relays are accessible for inspection and 
attention from the one side, and all the wiring from 
the other. This ensures the greatest possible 
convenience in maintenance. It makes the best use 
of natural lighting and permits a great deal to be 
done with normal systems of artificial lighting 
without constant use of hand lamps and head lamps 
merely for general examination. It also allows 
free movements of the maintenance staff among the 
apparatus, and eliminates obscure and inaccessible 
places where maintenance is difficult and likely to 
deteriorate, and dust and rubbish may accumulate. 
The racks need not necessarily be in alignment 
should conditions demand that the equipment be 
arranged to conform to the configuration of the 
exchange premises. This is a valuable option when 
an exchange has to be accommodated in a room of 
certain dimensions and awkward design, such as 


might be allotted for the purpose in a village or small 





Fie. 11. Susscripers’ Group (Rear VIEW). 


rural district. The plant is admirably adapted for 
rural exchanges and other cases where only a limited 
amount of skilled supervision is available. In 
conclusion it is interesting to note that the adapt- 
ability and stability of the “ relay ’ system has been 
recently demonstrated by its installation on the 
Italian liner Conte Rosso,* probably the first vessel 
to be actually equipped with automatic telephones. 





THE RAILWAYS OF EAST AFRICA. 

A REPORT has just been issued by the Crown 
Agents for the Colonies which, in some respects 
reveals a very unsatisfactory condition of afiairs. 
This report is drawn up by Lieutenant-Colonel 
F, D. Hammond, C.B.E., D.S.0., R.E., and is con- 
cerned with the railways of East Africa under British 
management and control, to investigate which 
Lieutenant-Colonel Hammond was sent out as 
Special Commissioner in 1921. 


< Vide Exorwzentna, vol. exlvi, pages 198 and 223. 





As this system of railways is probably not 
altogether familiar to many of our readers, it will 
be as well, perhaps, if we briefly describe the lines, 
before dealing with the facts brought out in the 
report. The report deals with the systems in the 
Kenya Colony, Uganda and Tanganyika. The 
railways in the Kenya Colony consist of the Uganda 
Railway, extending from Mombasa on the coast, to 
Kisumu on the Victoria Nyanza, and its branches. 
The latter consist of the Magadi branch, a leased 
line specially laid down for natron traffic from the 
Lake Magadi district, and a short branch extending 
northward from Nairobi to Thika (32 miles). A third 
branch extends almost due west from Voi, but was 
built during the war for military purposes, and is 
administered by the Tanganyika Railways, as will 
be explained below. From the lake terminal at 
Kisumu the Uganda Railway Marine maintains a 
service with Jinja, whence the Busoga Railway 
(61 miles in length) runs to Namasagali, on Lake 
Kioga. From here the Busoga Railway Marine 
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runs a service connecting with Masindi Port, from 
which point a motor lorry service is run to Lake 
Albert, where the Uganda Government maintains a 
steamer service. In addition to these there is a 
five-mile line connecting Kampala with Port Bell 
on the Victoria Nyanza. The whole main line to 
Kisumu, and the marine on the Victoria Nyanza 
form virtually one system. The services beyond, 
though operated by the Uganda Railways, fall into 
a separate group. The accounts for the latter are 
kept separate from those of the Uganda Railway. 

The railways in the Tanganyika Territory consist 
of a line built by the Germans from Dar-es-Salaam 
almost due west to Kigoma, on Lake Tanganyika, 
the total length of which is 1,244 km. This line 
was intended to tap the traffic inland, and with the 
exception of the district of Dodoma, where a short 
branch extends southwards, there was little anticipa- 
tion of traffic originating elsewhere than at the 
terminals. The country traversed is mostly poor 
and fly ridden. In addition to this trunk, there is 
a system working inland from Tanga, situated on 
the coast between Mombasa and Dar-es-Salaam. 
The Tanga railway runs first rather south of west, 
and then turns to a north-westerly direction, 
extending as far as Moschi, on the lower slopes of 
Kilimanjaro. In this length there are two short 
branches, one extending north and one stretching 
south, while not far from Moschi connection is made 
at Kahé with the military line from Voi, mentioned 
above. 

Lieutenant-Colonel Hammond naturally takes 
these systems separately, with the exception of the 
systems of Kenya and Uganda, which he—quite 
logically, we think—considers should be reduced to 
one. His comments on the situation are very 
severe, and, making all allowance for the upheaval 
of the past years, we cannot but conclude that the 
report reveals a very unsatisfactory condition of 
affairs. It is mentioned, for instance, that the 
general manager of the system has only once visited 
Uganda in the two and a-half years preceding the 
writing of the report; that no senior traffic official 
had been in Uganda since 1917, and that no loco- 
motive officer had inspected the Busoga or Port 
Bell-Kampala railways for two years. The traffic 
delays on the Uganda railway proper are such 
that wagons sealed at the coast for Nairobi 
have taken over 12 days to arrive at destina- 
tion, though the scheduled running time is about 
32 hours. These delays are so numerous that 
Lieutenant-Colonel Hammond considers 11 per 
cent. more traffic could be carried in the times of 
heaviest traffic, without additions tostock. Although 
the telegraph delays have been very numerous, no 
written protest appears to have been lodged with 
the Postmaster-General. The traffic department has 
had no useful operating statistics on which to judge 
whether its working was efficient. With regard to 
the locomotive department, the repairs are said to 
be 18 months behind, and no efficient steps have been 
taken to extend repair facilities. Although wood 
and oil are used for fuel, a stock of coal sufficient 
for from six to eight years’ supply, is held by the 
department. Most of the workshop plant is 20 to 
23 years old, and the machines are inefficient. The 
story is the same with the engineering department, 
in which the bulk of the buildings are over 20 
years’ old, and are costing heavily for repair and 
maintenance. As rds the marine, six steamers 
are available for traffic, for which three would suffice. 

The Uganda Railway has in the past paid net 
revenue amounting to £1,682,552 into the Kenya 
Treasury. It is surprising to learn that though the 
colony has benefited to this extent no adequate 
provision has been made for annual renewals, either 
for such matters as workshop equipment, or for 
buildings of the engineering department. It is 
now estimated that the former requires an expendi- 
ture to replace plant more than 16 years’ old, of 
nearly £72,000, independently of the expenditure 
which is imperative for the extension of repair 
facilities. With regard to the latter, and dealing 
with iron and wooden buildings over 20 years’ old, 
it is considered an expenditure of half a million 
sterling is necessary, and that the temporary build- 
ings should be replaced by permanent structures. 
No sums have been set aside for the replacement of 
bridges, viaducts or permanent way. In fact, the 
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railway seems to have been regarded merely as a 
source of revenue, without regard to the future, and 
the time has now evidently come when the colony 
will have to face heavy expenses to rectify the errors 
of the past, if, in the words of Lieutenant-Colonel 
Hammond, it is not to slip still further behind. 

The smaller systems in Uganda itself are, natur- 
ally, mainly in the nature of collecting agencies for 
the main line to the coast. They, however, have 
received no credit from the main line for traffic 
thus originating upon them, though their losses are 
now to be borne by the main line, instead of, as 
hitherto, by the Uganda Government. The report 
comes to the natural conclusion that all the systems 
should be completely managed as one concern, 
and that the handicaps from which it suffers by the 
breaks between road, rail and water transport, 
should be reduced as far as possible. It is impossible 
to deal with all the questions raised in this report, 
but reference must be made to the disadvantages 
of the route. The number of transhipments is a 
serious handicap to the development of through 
traffic, and Lieutenant-Colonel Hammond, looking 
to the future, recommends that steps be taken with 
a view to their ultimate reduction. One of the 
vital stretches in the link is the present steamer 
service between Kisumu and Jinja. It is pointed 
out that Kisumu is a bad port, allowing the use of 
ships of only 7-ft. draught, compared with the 
12 ft. or 13 ft. at other ports. If the main line were 
completed to Jinja a marine service of good boats 
could be worked from that point, and transhipments 
on through traffic would be cut out. Further, the 
railway could be pushed advantageously out to 
Lake Albert, touching this preferably at its southern 
end. Lieutenant-Colonel Hammond thinks this 
might be done from Kampala, and that the project 
promises so well that it should be considered for 
early construction. The main line connection to Jinja 
could, Lieutenant-Colonel Hammond points out, be 
carried out from the Uasin Gishu Branch, now build- 
ing, and running north-west from the present main 
line at Nakuru. A connecting link would be required 
between Jinja and Port Bell or Kampala, but this, 
it is believed, could be easily managed to complete 
the through route from the Lake Albert district to 
Mombasa. The present programme suggests the 
construction of a railway into the Nyeri district, a 
prolongation of the present branch from Nairobi 
to Thika, but Lieutenant-Colonel Hammond thinks 
that such a line is likely to be a heavy charge for 
years to come, and much other work should, in 
view of the condition of the system, be given the 
preference, 


We have devoted so much space to the Uganda 
Railway question that little remains for a discussion 
of Lieutenant-Colonel Hammond’s report on Tan- 
ganyika. The main line from Dar-es-Salaam to 
Ujiji shows little hope of developing traffic along 
its route, as already noted. The line is characterised 
by the solid and excellent type of construction for 
which the Germans were conspicuous in their colonial 
undertakings. The line was originally intended to 
compete with the Uganda system for inland traffic, 
but that object no longer exists. The route presents 
advantages over others to the Northern Rhodesia 
minefields, and if a good service were established 
on the Lake it might be developed from this point 
of view. 

With regard to the Tanga Railway, Lieutenant- 
Colonel Hammond thinks prospects are brighter, 
but he does not recommend the further extension 
of the Port at Tanga. The coast is provided already 
with Dar-es-Salaam and Mombasa, where the port 
of Kilindini is being rapidly developed. To start 
developing a third port would prove uneconomical. 
It remains to mention the Voi-Kahé line, which 
connects the Tanga and the Uganda Railways. 
This forms the subject of a special section of the 
report, and is affected by the fact that the line is to 
be disposed of by the War Office. If this line were 
pulled up, additional facilities at Tanga would be- 
come imperative. For this and other reasons 
Lieutenant-Colonel Hammond recommends that 
the line be retained, as it taps a territory of good 
promise. The section from Taveta to Moschi should 
be re-aligned, and the latter point given direct 
communication with Voi, instead of via Kahé. 
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administered by the Uganda Railway, but developed 
at the cost of the Tanganyika Territory. 

The report discusses at some length the question 
of gauges. The standard gauge for most of the 
African lines is 3 ft. 6 in. The Uganda Railway, 
largely under the influence of India at the time of its 
inception, was constructed to metre gauge, and the 
German railways were built to this gauge also. 
However regrettable this difference may be, 
Lieutenant-Colonel Hammond considers that with 
so much construction and reconstruction urgently 
necessary, and so much country awaiting develop- 
ment, it is out of the question at this time to enter- 
tain the idea of adopting a new gauge. The question 
is not so vital in this case as in that, for instance, of 
Australia, for the traffic promises for a long while to 
be mostly from inland areas to the most convenient 
port, and not interchange traffic between sections of 
the interior. It is, however, to be regretted that 
when the line was built, a wider view was not taken 
for the Uganda system. The difference between the 
gauges is small, and the few extra inches would 
have ultimately made physical connection possible 
with the Sudan on the one hand, and South Africa 
on the other. 

We hope in the matter of re-organisation and re- 
equipment, the very detailed report of Lieutenant- 
Colonel Hammond will receive the attention it 
merits. 





REDUCTION GEARING. 

In an article published in our issue of August 11, 
1916, page 119, dealing with the lubrication of gear 
teeth, it was shown that the load L carried per centi- 
metre run of tooth length was given by the equation 
L = 4-896 #40-% dynes per cm. run of one tooth, 


whilst at the same time the maximum hydraulic 
pressure developed in the oil film was 





be Uo 
hee 

In these equations » represents the viscosity, 
in C.G.S. units, of the lubricant, and u, the speed 
(expressed in centimetres per second) with which 
the two opposing tooth surfaces roll over each 
other, whilst R denotes the “‘ equivalent” radius 
of curvature of the teeth, and A, the least thickness 
of the oil film, both quantities being expressed in 
centimetres. ' 

Now, max is the stress tending to abrade the 
teeth. If we denote its limiting value by f, then 
multiplying both sides of the second equation by 
»/2 R hy we can deduce the equality 


wuoR _ f. /2 Bho 
ho 3-042 
Substituting this in the first equation gives’ for 
L the expression 
L=2-276f. /ipR 


dynes per cm, run. 

Provided we assume that A, has a constant 
limiting value, this last equation is of the same 
form as the formula originally introduced by 
Messrs. C. A. Parsons and Co., Limited, viz., 


w=K ,/D, 


where w is in lbs. per inch run and D in inches. 
The maximum value of K in the British naval 
service is given by Commander Tostevin as 226, 
but Mr. McAlpine states that, with the floating 
frame, he has successfully gone up to values of 
K = 360. 

The noteworthy point about this formula for 
the permissible loading of wheel teeth is that it 
includes no explicit reference to the properties of 
the lubricant or to the pitch line speed. 

It is, however, an open question, whether (given 
a good lubricant) there is any limiting value to ho, 
and an alternative hypothesis would be that abrasion 
will occur when the stress f reaches some limiting 
value depending upon the properties of the material 
used. If this stress becomes excessive, pitting may 
be expected and consequent rapid wear. 

If we adopt this hypothesis and eliminate h, 
from the two equations given, at the commencement 
of this article and convert the C.G.S. units for V, 


Pmax = l- 521 





/ 2B ho 





The new line from Voi to Moschi would be best 


d and f to the British system, we get as the total 
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load w carried per inch run of useful wheel face the 
expression 
w= 0°07736 (uv) (af)? . . “tee 


where V denotes the pitch line speed in feet per 
second, d the diameter of the pinion in inches and 
f the “ abrading ” stress in pounds per square inch, 
whilst as before » is taken in C.G.S. units. 

In obtaining this expression it has been assumed 
that one-half the total load may be concentrated 
at the pitch line of one tooth, whilst the speed of 
roll %, which appears in the original equation, has 
been taken as equal to 0-328 V, and similarly the 
effective radius of curvature of the teeth has been 
taken as 0-2d, where d is the pinion diameter. 

This expression makes the safe load vary as the 
cube root of the pitch line speed, and as the two- 
third power of the pinion diameter. 

If we assume that the viscosity of the lubricant 
p is 0-7, C.G.S. units the formula becomes : 


w = 006869 V" [a s}* 
which may also be written in the form : 


55°55 ws 

— r/ Vv 
In Table I annexed this formula has been used 
to calculate the average abrading stress on the 
teeth of the gears, of which particulars were given 
by Commander Tostevin in a paper read before the 
Institution of Naval Architects and reprinted in 
our issue of April 9, 1920, page 476. To this have 
been added particulars of two steamers fitted with 
double reduction gearing. In order to secure 
uniformity the bending stresses on the teeth of these 
latter gears have been determined by interpolation 

from Commander Tostevin’s figures. 


TasLe I.—Stresses on Gear Teeth, 
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Ship. Aa 2, £3 abn 3 
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£|ze| £ | 824|354| S2 
Hood : 
H.P. pinion| 975 |182-0 |20-17 | 3,040 | 7,186 | 0-000230 
pz. pinion | 1,030 |132-0 |27-51 | 31140 | 5,584 | 0-000283 
anae : 
H.P. pinion |677-5 |132-0 |11-76 | 3,580 | 7,250 | 0-000188 
L.P. pinion |896-0 |132-0 |21-51 | 4/580 | 6,030 | 0-000254 
Dauntless : 
H.P. pinion| 762 |120-4 |15-32 | 3,540 | 6,952 | 0-000193 
L.P. pinion | 762 |120-4 |15-32 | 3,540 | 6,952 | 0-000189 
ore: 

.P. pinion} 650 |124-8 |10-73 | 5,850 | 7,681 | 0-0001665 
L.P. pinion | 980 |124-8 |19-89 | 8,500 | 7,670 | 0-000203 
H.P. pinion| 655 |131-0 |10-07 | 4,150 | 7,996 | 0-000162 
L.P: pinion 760 |131-0 |13-28 | 41820 | 7,658 | 0-000188 

P. pl 655 |181-0 |10-13 | 5,680 | 7,949 | 0-000163 
LP. pinion | 760 |131-0 |13-24 | 6,680 | 7,680 | 0-0001838 

as: 

H.P. pinion| 701 |140-0 | 9-603] 4,980 | 9,060 | 0-000154 
we: ion | 830 [140-0 |17-65 | 5,720 | 6,362 | 0-000238 
H.P. pinion| 453 | 97-6 | 6-753| 4,000 | 8,030 | 0-000117 
p uP. pinion 550 | 97-6 | 7-532) 4,850 | 9,632 | 0-000107 
"LP. pinion| 325 | 70-0 | 4-6 | 1,900 | 8,457 | 0-000079 
L.P. pinion | 325 | 70-0 | 4-6 | 1/900 | 8,457 | 0-000079 
H.P.C. pinion] 458 | 62-5 | 6-018] 3,900 | 10,140 | 0- 
I.P.C. pinion| 557 |101-0 | 8-111] 4,740 | 8,960 | 0-000118 
MelmoreHead: 

2nd reduc- 

tion pinion | 1,000 | 82-5 |13-33 | 3,050 | 23,170 | 0-000085 

e - 
er steamer: 

-P. pinion | 860 |132-0 |10-3 Sie — | 0-000123 
2nd reduc- 
tion pinion | 1,180 | 51-0 |29-2 | 3,600 | 10,800 | 0-000101 























* These values of the atrodng stress and of the least 
thickness of the oil film have m calculated on the 
assumption that owing to the elasticity of the teeth half 
the load may be taken as concentrated near the pitch 
line of one tooth; it has also been assumed that u = 0°7 
C.G.8. units. 


The notable points appear to be that the 
“ abrading”’ stress is more nearly constant than 
the bending stress. Particular interest attaches 
to the case of the second reduction pinion of the 
Melmore Head, the behaviour of which was described 
at the spring meeting of the Institution of Naval 
Architects this year in a paper read by Mr. J. 
Wilkie.* As originally fitted stiff shafting was used 








* See Enorveerina, April 14, 1922, page 469, 
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to connect the turbines to their pinions, and the 
wear of the second reduction pinion was excessively 
rapid. It will, of course, be understood that the 
stress of 23,170 lb. per square inch is an average 
figure. If there is a lack of elasticity in the drive, 
this stress may locally and temporarily become 
very much more. Thus, if at any point the load 
owing to such lack of elasticity went up to three 
times the average, the abrading stress f would be 
increased in the proportion of / 35 to 1. that is to 
say, it would attain to about 120,000 lb. per square 
inch. It seems quite possible that as originally 
installed the load did at times rise to three times 
its average value and possibly to more, in which 
case the rapid wear becomes readily intelligible. 
The important point to note is that after flexible 
shafting had been fitted this excessive wear ceased, 
a circumstance which appears to indicate that 
provided shocks be cushioned by arranging for 
adequate elasticity, a safe average abrading stress 
is some 23,000 Ib. per square inch. There appears 
to be no plausible method of determining this limit 
a priori, and it must be found by experience, 
though it may conceivably be connected with the 
Brinell hardness of the material. 

Formula (A) ante can perhaps be expressed more 
conveniently in terms of the diameter and speed of 
revolution, in place of the pitch line speed. If we 
take » = 0-70.G.8 units it becomes 





3 
w= 0-01122d a/rpm. f2 


From Table I it appears that with single reduc- 
tion gears f has often been about 8000 Ib. per sq. in. 
and with this value we get 


we 45d a) espa. 

With single reduction gears the speed of revolu- 
tion does not vary through any wide range. With 
3000 r.p.m. we should have w = 65d and with 
2000 r.p.m. w = 75d. 

Mr. McAlpine has used for such gears w = 105 d, 
which if this applies to pinions making 3000 r.p.m. 
would give 16,600 Ib. per sq. in. as the safe average 
abrading stress. As already noted, when a flexible 
drive was fitted to the Melmore Head no trouble 
was experienced with a value of f equal to 23,000 Ib. 
per sq. in. To keep the abrading stress down to 
8000 Ib. per sq. in. in second reduction gears, which 
run generally at about 450 r.p.m., it would be 
necessary to make w = 35 d, whilst w = 65 d would 
allow a stress of 23,000 Ib. per sq. in. 

In the last column of the table will be found 
values of the average thickness of the oil film. 
These vary in inverse proportion to the load, and 
if through shock this load be trebled, the thickness 
will be reduced to one-third the tabulated value. 
Osborne Reynolds, it may be noted, calculated that 
in Mr. Beauchamp Tower’s experiments on journal 
friction the least thickness of the oil film was 
0-000375 in. (Scientific Papers, vol. ii, page 254). 

The second-reduction pinion, of which particulars 
are given in the last line of the table, failed through 
fracture and not by wear. In view of the very 
low bending stress, the accident would appear to 
have been due to faulty material, but possibly 
there was want of alignment causing unequal 
distribution of pressure. 

In the case of the Melmore Head gear, abrasion 
occurred without failure of the lubrication. With 
a bad lubricant, however, theory shows that failure 
may arise, by the lubricant being stripped off the 
metal surfaces under the high shearing stresses deve- 
loped, and in that case metal to metal contact may 
occur, a condition which cannot arise so long as the 
bond between the lubricant and the metal holds good. 

If a second-reduction pinion has a variable pitch 
owing to defective cutting, very severe shocks will 
be developed unless there is an elastic connection 
between the gear and the turbines. On the other 
hand, defects in surface finish, though they also 
will give rise to local concentrations of load, should 
tend to correct themselves by causing the metal 
to flow at the “high” points. 

Concentration arising from such defects in finish 
should not, it would seem, much affect the bending 
stresses, since by St. Venants principle, these will 
depend merely on the resultant B.M. at the root 
of the tooth, and be the same whether the load 
be applied at a point or along a line. 


CONSTRUCTED BY MESSRS. 


DOBSON 


COMBING MACHINE AT THE TEXTILE EXHIBITION. 


AND BARLOW, LIMITED, BOLTON. 




















TEXTILE MACHINERY AND ACCES- 
SORIES EXHIBITION AT MANCHESTER. 
(Concluded from page 430.) 

In our last article we mentioned the Tunstall 


combing machine, exhibited by Messrs. Dobson and 
Barlow, Limited, of Bolton, and we are now able 








Fic. 





to illustrate this machine in Figs. 7 and 8, above. 





8. 


It is of the double-sided type, with six heads 
on each side which deliver the combed sliver 
into two coiling cans. As we mentioned in our 
previous reference to this machine, the two sides 
are interdependent, the opposite nipper mechanisms 
being bonded together and actuated by a single 
swing shaft. Each of these mechanisms is built upon 
a rigid frame hung from an oscillating shaft, and 
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fastened to the bottom of the frame is a ocushion| 


plate carrying the feed roller. There is no possi- 
bility of backlash during the swing of the nipper, 
and the latter is closed by springs as it approaches 
the combing ‘position. It remains stationary while 
all the needles of the half-lap pass through the 
fleece. The nipper knife is raised during the forward 
swing by means of a hardened incline which can be 
accurately adjusted. 

The Metropolitan-Vickers Electrical Company, 
Limited, of Trafford Park, show a small working 
model of a high-pressure steam turbine coupled 
to double helical gearing. The drive to the various 
floors of a mill is taken by ropes. A low-level 
multi-jet condenser in which the steam and injection 
water are intimately mixed forms a part of the 
complete installation. The British Thomson- 
Houston Company, Limited, show several exhibits 
of interest demonstrating the latest practice in 
textile drives and control gear. The Roxbrough 
control gear is a new device to regulate the speed 
of ring-spinning frame motors and keep a constant 
yarn tension. The gear is located within the end 
shield of the motor. The alternating current 
commutator motors, developed by B.T.-H. to meet 
the demand for a variable speed pdlyphase alter- 
nating current motor, are also shown. The normal 
range of speed of these motors is 3 to 1, and this 
is obtained by the simple operation of altering the 
position of the brushes on the commutator by means 
of an external hand wheel. When this type of 
motor is also provided with an external resistance 
creeping or “inching” speeds can be obtained. 
Many other specialities of this firm are shown, 
including small motors, motor starting gears, steam 
flow meters and “ Fabroil” silent pinions. The 
colour matching lamp unit known as “ True tint” 
is not only shown on the stand, but is also in use in 
the illumination of the textile designs submitted in 
the competition for the prizes given by The Textile 
Recorder. 

Messrs. Hancock and Co. (Engineers), Limited, 
of Wallington, are showing electric furnaces with 
easily-removable carbon electrodes. These furnaces 
are of a type used for all classes of tool work, con- 
tinuous heat treatment of wires and rivet heating. 
Cutting machines for dies, and also for cutting off 
and for circle cutting are shown. Drills, lathes, 
shaping and hobbing machines are shown by Messrs. 
Martin Brothers (Machinery), Limited, of Man- 
chester. The expanding pulley system of speed 
regulation of Messrs. Ward and Co., of Dewsbury, 
is shown on this stand, No. 64. This gear is suitable 
for use in connection with ring-doubling, doubling 
and scouring machines, and provides a considerable 
range of possible speeds. 

The General Electric Company, Limited, give a 
comprehensive display of the smaller classes of 
electrical plant for complete electrification schemes 
in textile mills at their stand. The projection of 
lantern slides showing textile equipment of G.E.C. 
manufacture increased considerably the scope of 
the display. 

A considerable effort is shown by the manu- 
facturers of chain driving equipment to convince 
the textile world of the advantages to be obtained 
from the replacement of rope and belt driving in 
the factory, and belt and gear driving in the indi- 
vidual machines by the efficient and positive drive 
by chains. The Coventry Chain Company are 
represented as well as the Hans Renold firm which 
has already been noticed. Each has devoted space 
to demonstrate line shaft drives for textile mills. 
As well as showing the arrangement of driving a 
spinning frame by their inverted tooth type of 
noiseless chain and speed reduction boxes with 
chain drives, the Coventry Chain people show a great 
collection of photographs of actual mill driving. 
Graphs of comparative efficiencies of different types 
of driving and of the properties of the steel used 
in the manufacture of Coventry chains are shown 
by electric flash signs. 

Ball and roller bearings find effective and efficient 
service in textile machinery of all types. Not only 
do the general exhibits all over the show bear 
testimony to this, but three of the largest firms 
interested in their production have stands for the 
demonstration of their construction and applica- 
tions. The firms are the Hoffmann, Skefko and 
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Ransome and Marles companies. In each case the 
standard products in the form of ball and roller bear- 
ings are shown besides examples of textile machines 
in which their use is advocated. The Hoffmann 
Manufacturing Company demonstrate the low co- 
efficient of friction obtained with ball and roller 
bearings compared with the results obtained with 
fixed bearings, by means of a simple friction testing 
machine. The countershaft of a mule, a series of 
spinning spindles, a vertical shaft drive with bevel 
gearing and loom motors for individual driving, 
all fitted with the firm’s bearings, are shown on the 
stand. The Skefko concern equally press their 
claims to recognition and demonstrate the use of a 
new double-row type of self-aligning bearing which 
they have introduced for cases of excessively heavy 
loads and other severe conditions of running. A 
thread extractor, for the removal of thread from 
cotton waste, made by Messrs. William Tatham 
proves an interesting textile exhibit, and gives a 


good opportunity for the demonstration of the value}. 


of ball bearings. This plant and other examples, 
such as a machine used in the fabric-glove trade 
provided by Messrs. Tomlinsons, of Rochdale, are 
driven from a motor made by the Lancashire 
Dynamo Company through countershafting. The 
motor is provided with a non-slip pulley. 8.K.F. 
bearings are used throughout the whole installation. 
Messrs. Ransome and Marles show a complete range 
of sizes and types of their R and M bearings with 
single and double row, and for journal and thrust 
use. Aspinning spindle drive is used to demonstrate 
their textile uses as well as axle boxes with the 
roller type of bearing. 

Messrs. Cook and Co., Manchester, show a 
Howard and Bullough flat card machine in which 
the smaller or waste fibres are drawn out of the 
material by means of cards, composed of sharp 
fine wires. The waste material clings to the cards 
and normally has to be removed by stripping. 
This machine is provided with a vacuum pump 
to draw away the fibres from the cards and horizontal 
receiver for the waste on the system introduced by 
the exhibitors. 

The baling of material by means of electric-driven 
presses is shown by Messrs. Hindle, Son and Co., 
of Haslingden. This machine consists essentially 
of an electric elevator to lift the material towards 
a fixed top. Current is only taken at the actual 
times of operation and is proportionate to the work 
done. 

Boiler-house plant and accessories, and steam 
power plant have only a very small part in this 
Exhibition. With the exception of the Metro- 
politan- Vickers’ model, the demonstrations are 
confined to expansion joints and boiler furnaces. 
The Bolton Moor Foundry Company show the 
Bromwell form of expansion joint used to prevent 
air leakages between boilers and their settings. 
It is flexible enough to deal with the expansions 
caused by the heat, and is said to be completely 
airtight and can be fitted while the boiler is working, 
should such be necessary. An attempt is shown by 
the Turbine Furnace Company, of London, to 
distribute the air through the bed of fuel on a boiler 
furnace in such a way as to have equal draught 
throughout. The furnace bars in use are said to be 
suitable for burning anthracite duff and other 
low grades of fuel such as spent tan containing 
about half its weight of moisture. The superheat 
furnace shown by the company of that name, whose 
works are at Bradford, are so constructed that the 
air for combustion is preheated and they are fitted 
with a series of steam jets. It is claimed that 
efficient combustion of any class of low-grade fuel is 
possible with these furnaces. 

Winding machinery, not only for winding yarns 
to cops or pirns for use with shuttles, but also for 
winding artificial silks from hanks to cones and for 
winding yarns for the electrical trade, are shown by 
the Universal Winding Company. The telegraph, 
telephone, wireless and other electrical coil winding 
are demonstrated on one of the machines. The 
Leeds firm of Greenwood and Batley demonstrate 
a combined twisting and winding machine, which 
can be used to twist or double all kinds of yarns, 
with any predetermined number of turns in each 
inch twist, and then wind the resultant twisted yarn 
to any form desired, in cheeses, on tubes or double 





flanged bobbins. This combined machine has been 
produced to reduce thé costs of carrying out these 
processes on separate machines. 

Messrs. H. ©. Bagshaw, of Manchester, have an 
effective show of moulded and machine-cut gear 
wheels of the spur, helical and bevel types, for use 
in the internal mechanism of textile machinery, 
while malleable castings of the many types required 
in the matitfacture of such machines are shown by 
Messrs. John Crowley, of Sheffield. 

The success of the Exhibition, which remains 
open until October 20, is assured. Considerable 
interest has been taken in the many changes shown 
in the details of machines since the last exhibition 
of this character, which was held in Manchester in 
1914. The object of the organisers to demonstrate 
the progress made within the eight years has been 
completely achieved. 





THE CERAMIC SOCIETY. 

Rerractory Marerrars Section. 
Tue eleventh meeting of the Refractory Materials 
Section of the Ceramic Society was held at the Chamber 
of Commerce, New-street, Birmingham, on October 
3 and 4. Lieutenant-Colonel C. W. Thomas presided 
over a numerously-attended gathering, and addressed 
a few introductory remarks to the members. 


Bricks ror Coke Ovens, 


The first business on the agenda was a discussion on 


“ Bricks for Coke Ovens,’ which was opened by a r 
red by Mr, A, H. Middleton, entitled bf Silica Buick 


or Coke Ovens.”’ In the yy absence of the author, 
this r was read by Mr. E. M. Myers (president of the 
Coke en Managers’ Association). Mr, Middleton 


defines a silica brick as a brick made from quartzite or 
ganister containing about 97 cent, 8iO2, with no 
addition but the necessary fluxing or bonding material. 
In accordance with American custom, he refers to the 
composite brick almost universally used in this kingdom 
for coke oven walls as quartzite brick, which contains 
77 per cent, to 85 per cent. SiO2. In the United States, 
silica bricks are almost exclusively used for that purpose. 
Silica bricks are recommended for consideration to take 
the place of quartzite bricks in new installations, for the 
renewal of walls where salty coal is used, and where 
ordinary coal is used, providing in the latter case the 
alterations or repairs are so extensive as to make it 
possible to alter the whole heating arrangement as well 
as to replace the actual walls, ey are not, recom- 
ded for patching and repairing existing quartzite 
walls. The advantages claimed for the use of silica 
bricks as compared with quartzite bricks include greater 
output and greater thermal efficiency, greater durability 
under ordinary conditions, resistance to corrosion where 
salty coal is used, and the possibility of varying the heat 
treatment where different classes of coal have to be 
employed. Some figures are quoted representing result 
obtained in American coke oven ts. The greater 
output from coke ovens with walls of silica bricks is 
attributed mainly to the higher working temperatures, 
but ly also to the higher conductivity of silica bricks 
at the higher temperatures, which are 200 deg. to 250 
deg. C. higher than is desirable for quartzite bricks. 
“fhe now well-known uliarities shown in the per- 
manent expansion of silica bricks, due to the varying 
degrees and extent of the conversion of the original 
quartz of high specific gravity to cristobalite or tridymite 
(or both) of much lower specific gravity, is a practical 
drawback to the use of silica bricks for such constructions 
as coke oven walls. It is contended, however, that with 
pape preparation, and especially after firing to a 
sufficiently high temperature, little trouble will arise 
in this way. It is suggested that specific gravity deter- 
minations before use would reveal whether the bricks 
were satisfactorily fired or not, as itis ible to calculate 
from the specific gravity the pro on of quartz which 
has been converted into low specific gravity silica. It is 
recommended that no silica bricks of specific gravity 
exceeding 2-35 should be used for ovens working at very 
high temperatures. ' 

. T. Biddulph Smith that silica bricks are 
best for coke ovens where re is great trouble from 
salty coals, and also where highly volatile coals are used 
which did not give a very good quality coke, But apart 
from these special cases he did not consider silica bricks 
commercially suitable for use with average coals. He 
thought the rate of carbonisation would depend on the 
conductivity of the coke in the interior of the mass rather 
than on the conductivity of the refractory. The better 
results in America are mainly due to the use of dry coal. 

Mr. W. J. Rees took exception to the classification of 
bricks adopted in Mr. Middleton’s paper, the use of the 
term quartzite bricks being very confusing. In_ this 
country silica bricks are those containing over 92 per 
cent. silica, and the name semi-silica brick or clay silica 
brick is used instead of quartzite brick for a brick with 
a smaller percen of silica, whilst the true firebrick is 
made from fireclay. All are a; that silica bricks 
will give satisfactory results with salty coals, otherwise 
the type of brick to be chosen will depend on local 
conditions. In spite of Mr. Biddulph Smith’s view to 
the contrary, the higher thermal conductivity of siliea 
is a point which will count in the carbonisation of coal. 
The silica bricks expansions are inevitable, but they can 
be controlled. Since a brick high in lime would have a 
somewhat lower specific gravity, the specific gravity 
test should be used only for comparing bricks with about 
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the same lime content. The texture of the brick is 
much more important in coke oven practice than in 
metallurgical practice, and should be close ined. 
Investigations at Sheffield University showed that salt 
made an enormously greater attack on fireclay and semi- 
silica bricks than on silica bricks. Ammonium chloride 
is the real culprit in attack by salty coals. It is possible 
to find in the bricks ammonia aluminosilicates, and the 
breaking down of these causes surface defects. Ferric 
chloride also assists in the destructive action. Silli- 
manite in bricks resists this corrosive action. Even 
with non-salty coals, coke oven managers would be well 
advised to consider the use of silica bricks, which have 
greater strength. In America and Germany silica coke 
ovens have very long lives. 

Mr. H. J. C, Johnson did not think the time had come 
for silica bricks to be used generally for coke ovens in 
this country. There is no standard of bricks in the 
several countries, 

Mr. J. W. Lee said that attempts should be made to 
produce a silica brick to stand coking practice. Generally 
speaking Americans coke dry coal. In this country 
a mixture of coal and water has to be used. Silica bricks 
in America are made in a totally different way from that 
in which silica bricks used to made in this country 
for gas retorts. There has not been much improvement 
here. Silica bricks are too unreliable in practice, 
through being too variable. When bricks of uniform 
composition and expansion are available, better results 
will be obtained. 

Dr. A. Scott pointed out that Mr. Middleton had 
omitted to consider the possibility of spalling, and also 
abrasion (as distinct from corrosion). At high tem- 
peratures silica bricks are subject to abrasion. An 
objection to silica bricks is that, in the utilisation of 
high temperatures, the amount of ammonium sulphate 
is reduced. Heshared the objection to the term quartzite 
as applied to bricks in the paper. 

Sir W. J. Jones stated that when his firm first 
attempted to put silica bricks into retort construction, 
the results were disappointing. Conditions are now 
better. Silica bricks in this country have greatly 
improved. The lime content of American silica bricks 
may be taken as the same throughout, and Mr. Middle- 
ton’s comparison is fair. 

Mr. G. W. J. Bradley could not believe that increased 
output (with the use of silica bricks in coke ovens) was 
due wholly to increased conductivity. Increased radia- 
tion is ‘women d effective for carbonisation. Stourbridge 
bricks have given something like 40 years’ service. The 
highest class English and German semi-silica bricks are 
sufficient for all except salty coals. 

Mr. G. M. Gill stated that silica is used universally 
in coke ovens and gas plants in America, where they 
get much better results than in this country, chiefly due 
to the higher temperatures employed. He had noticed 
a definite increase in the conductivity of silica material 
in one works visited. Quite a small increase in tem- 
perature gives a big increase in the output of gas, and in 
America the output of gas is enormous compared with 
that obtained in this country. 

Mr. E. M. Myers stated that coke ovens produce 
chiefly coke for blast furnaces used for smelting pig- 
iron, and the coal most readily available has to be used. 
In America the blast furnace operator conducts research 
work to find out the best kind of coke and the heat 
treatment necessary to produce it. They have definitely 
proved that by varying the heat treatment they can get 
whatever they want. Different coals require different 
heat treatments, and they also require appropriate 
refractories. The process of compressing coal is not 
practised in America. By increasing the temperature 
all the disadvantages of compression can be done away 
with. In the use of silica bricks for carbonising, whether 
in retorts or in coke ovens, the temperature should be 
kept nearly constant, for danger may arise if there is 
any wide variation. In America they can in the case of 
stoppages caused through industrial disagreements 
keep chambers warm with the aid of natural gas. Bricks 
are wanted of xd shape, and there should be little 
space between them—g in. at most—and leakage should 
be reduced to a minimum, 


TECHNICAL EpvucaTION IN RELATION TO THE 
REFRACTORIES INDUSTRY. 


Mr. G. W. Hefford (of the Board of Education) next 
contributed a paper on ‘Technical Education in 
Relation to the Refractories Industry.”” He touched 
briefly upon the slow growth of human experience and 
knowledge, giving as one instance the observation 
recorded nearly 3,000 years ago by Thales of Miletus 
that amber when rub attracted light bodies, an 
observation applied about 300 years ago by Gilbert, in 
what would now seem a very simple form of investiga- 
tion. The keen investigation and imagination of the 
present generation has found in, the apparently trivial 
observation made so long ag» the key to unlock the 
mysteries of atomic structure and energy. Stress is 
laid on the necessity for training in accurate observation, 
accurate reasoning and recording. Technical education 
includes all that experience and knowledge and discipline 
which tends to make any worker in any capacity of 
greater efficiency in any particular industry. Regularity 
is also an essential of effective training. is a real 
need for educational opportunity for the mass of workers. 
A study of factory organisation is very necessary. 
Sympathy and encouragement are necessary for those 
persons willing to devote energy and give time to study 
in the refractories industry, as in the other industries, 
for true sympathy means a great deal to the young 
worker, The er should feel confident—whether his 
work is menial or highly technical—that any useful 
suggestion he may © shall be credited to him in 
some useful way. Coal owners of a certain district 
subscribe one-tenth of a penny per ton of raw material 


raised for the maintenance of a highly efficient educa- 
tional institution. 

On Tuesday afternoon Sir Arthur Duckham read a 
paves on “ Some New Forms of Kilns,” which we hope 
ater to publish in full. 


Tue Grapine or Smica Bricks. 

The next item was a paper by Messrs. P. B. Robinson, 
M.Met., and W. J. Rees, BKe., F.LC., of which an 
abstract is as follows :— 

Grade analyses of green bricks were given and cor- 
related with the properties of the corresponding burned 
bricks. It was shown that in general about 40 per cent. 
of the material of which the m brick was composed 
rested on a 30-mesh to the inch sieve, and about 40 per 
cent. re through 100-mesh sieve. Grading curves 
showed that with the ordinary pan mill crushing it was 
impossible to gee enough fine material to give a brick 
of appreciably less ity than those at present made, 
as increased time of grinding only led to t roduction 
in the various ganisters examined of material of about 
100-mesh (0-2 mm. to 0-3 mm.), and it was shown that 
for the production of a dense brick, fine ground material 
from a ball mill must be added. 

From the crushing strengths of the burned bricks, 
and the properties of the graded material from which 
they were made, the following conclusions were arrived 
at. That for a mechanically strong brick—{a) a hard 
rock crushing into fragments of high larity is neces- 
sary. (b) The best size for the largest pieces in the brick 
is 6 mm. to 7 mm., these large angular pieces imparting 
strength to the brick both at high and low temperatures. 
(c) At least 40 per cent. of fine grained material passing 
100 mesh is necessary, and for a dense brick (i.e., with 
less than about 27 per cent. porosity) addition of fine 
ground material from a ball mill must be made. (d) 
The bricks must be well burned. Results obtained 
showed that increased temperature of burning, by pro- 
ducing low bulk density and low powder density of the 
brick, also appreciably increased the strength of the 
brick, thus increasing its ability to withstand internal 
strains set up on heat changes, and thus reducing the 
tendency to spall. 


Tue REVERSIBLE EXPANSION OF Smmica. 

A paper on this subject by Mr. C. N. Fenner was then 
read by Dr. A. Scott, 

The author takes exception to certain statements in 
a paper by Mr. Houldsworth and Professor Cobb pub- 
lished recently in the Transactions of the Ceramic Society 
(Vol, 21, pages 227-276, 1922), in which statements it 
seems to = implied that some of the results obtained 
were not such as might be expected according to Mr. 
Fenner’s published articles bearing on the behaviour of 
the several varieties of crystalline silica under specified 
conditions. Mr. Fenner contends “that the results 
obtained by Messrs. Houldsworth and Cobb, far from 
being contradictory of anything I obtained, are really 
a repetition in all | abitial meapaetn of my results, The 
only difference is that the presence of a little soda seems 
to poms effected the transformation to cristobalite at 
a somewhat lower temperature.’ Mr. Fenner lays 
emphasis on two important points, viz., that the trans- 
formations of silica are of a very sluggish character 
and that an unstable form often passes into the next 
less unstable form before changing into the stable form, 
so that in a given case the conversion into the stable 
form may be indefinitely delayed under the actual con- 
ditions. In any case, a few hours’ reheating (at the 
given ape pes eo of the material after adding a small 
amount of sodium tungstate will ordinarily yield very 
definite evidence of the production of the stable form. 

Mr. Houldsworth and Professor Cobb, in their reply, 
pointed out that the primary object of their work was the 
determination of data concerning the reversible thermal 
expansion of different silica products after varying heat 
treatments, the selected ranges of temperature, time, 
composition, &c., approximating to those of practice. 
They consider that Dr. Fenner’s original paper on “* The 
Stability Relations of Silica Materials ’’ was an extremely 
valuable contribution to the study of silica inversions, 
but in most of his experiments he heated silica with 
large amounts of sodium tungstate, and for their purpose 
it was necessary that silica materials should be examined 
after heating without this flux. 


Tue Benaviour or Frrectays, Bauxtires, &c., ON 
HEATING. 

On Wednesday morning the first paper, read by Mr. 
H. 8. Houldsworth, M.Sc., was by himself and Professor 
J. W. Cobb on the above subject. 

The physical effects observed on heating these matorials 
included heat evolutions and absorptions, contractions 
and expansions (permanent and reversible), losses in 
weight and changes in specific gravity and porosity, 
but only the study of heat evolutions and absorptions 
are dealt with in the present paper. The methods 
adopted consisted essentially in taking the time-tem- 
perature curve of a thermocouple embedded in the 
specimen and comparing it with the curve given by a 
second couple placed in some standard reference sub- 
stance heated alongside it. For the standard reference 
substance a small cylinder of platinum was used at first, 
but later kaolin after heating to 1,200 deg. C. was used, 
as it was found to show no transformations involving 
heat changes. The substances tested were several 
different forms of silica and alumina, red and white 
bauxites, kaolin, fireclays and other hydrated com- 
pounds of alumina and silica, cyanite, andalusite and 
sillimanite. Analyses are given of the clays and bauxites 
examined. 

Powdered silica glass (vitreosil) showed no thermal 
effects. A red bauxite had an endothermic reaction 
starting at 490 deg. C. (completed at 565 deg. C.), which 





was probably due to dehydration. An exothermic 





reaction started at 1,000 deg. C. (completed at 
1,070 deg. C.), and may be due to the polymerisation of 
alumina. Both the changes were irreversible. An 
Irish grey bauxite showed a heat absorption up to 
about 180 deg. C., due to the expulsion of water from 
the colloidal matter present. A second endothermic 
reaction started at 300 deg. C. (completed at 365 deg. C.), 
and this was followed up by another change involving 
an absorption of heat at 510 deg. C. (completed at 
620 deg. C.). The two latter changes were caused by 
the expulsion of the water from the bauxite in two 
stages. It may be noted that the loss on ignition of 
the grey bauxite was 23-16 per cent., while that of the 
red bauxite was only 12-16 per cent. 

Bigot early in this year reported that bauxites con- 
taining more than 14 per cent. water lose their water in 
two stages, at 300 deg. C. and 500 deg. C. respectively, 
while those with less than 14 per cent. show no appreciable 
loss in weight below 500 deg. C. Some of the heat 
absorbed at 510 deg. C. was i myree, | used in the de- 
composition of clay admixed with the bauxite. A sharp 
exothermic reaction started at 940 deg. C. (completed 
at 965 deg. C.), and may be due to the polymerisation of 
alumina which thus took place at a lower temperature 
than with the red bauxite. Possibly this was due to 
the transformation point being lowered by the presence 
of clay in the grey bauxite in a manner analogous to the 
lowering of the transformation points of alloys by the 
presence of small amounts of other substances. A 
reheating of the grey bauxite showed that all the changes 
noted were irreversible. 

While not at present attempting a complete explana- 
tion of the results obtained, the authors call attention 
to the following points :—(a) Kaolin and all the clays 
and shales examined (including Ayrshire bauxitic clay, 
Dorset ball clay, Farnley fireclay, Atlas fireclay, Kil- 
winning aluminous shale and Halifax clay) show distinct 
heat absorption at a temperature of 500 to 530 deg. C., 
and heat evolution at a higher temperature. (6) This 
heat evolution occurs at a temperature of 1,060—1,130 
deg. C. with pure alumina made by calcining aluminium 
nitrate at 700 deg. C., but at a temperature about 
100 deg. C. lower with the bauxites and clays, presum- 
ably on account of the impurities associated with the 
alumina in combination, or some form of solution effec- 
tive for the purpose (c) Most of the materials show heat 
absorption at temperatures below 500 deg. (., presum- 
ably due to the loss of water from colloid substances. 
(d) The phenomena observed with the clays are not 
primarily dependent on the presence of silica. They are 
noticeable with alumina and with a red bauxite prac- 
tically free from silica. (e) For some reason, although 
alumina calcined at 700 deg. C. and the bauxites and 
clays show marked heat evolution at about 1,000 deg. C., 
precipitated alumina gave no sign of it. It may be that 
the change responsible for the heat evolution had occurred 
with the precipitated alumina before it was heated for 
the test, but that with aluminium nitrate or silicate the 
presence of the other material associated with the 
alumina deferred the change. 





THE Burnine oF STOURBRIDGE FIRECLAY. 

A paper by Mr. C. E. Moore came next, entitled 
“* Some Cha Taking Place in the (Low Temperature) 
Burning of Stourbridge Fireclays.”’ In contraction ex- 

riments measurements were made during the actual 
etn process on hot bars of the clay tested. The bars 
were placed in silica tubes, and the measurements gave 
the difference in the expansion of silica and the clay. 
Chemical analyses are given of the several clays tested, 
viz., Old Mine Black, Old Mine Average, New Mine 
No. 1 and New Mine No. 4. The results show that 
certain changes in the shape of the contraction curves 
take place at approximately the same temperatures in 
all the clays examined. The changes observed may be 
summarised by reference to four ranges of temperature, 
as follows :— 

1. Expansion at 570-610 deg. C. Hodsman and Cobb 
(1919) and Houldsworth and Cobb (1921) showed that 
this was due to the conversion of quartz into 6 quartz. 

2. Contraction (followed by re-expansion) at 700— 
740 deg. C. This change is of an abrupt nature, and 
constitutes a sudden contraction until subsequent 
return to the normal. The temperature at which the 
change takes place is fairly constant, and in most cases 
the maximum is well-defined. The magnitude of the 
change diminishes as the alumina content of the series 
of clays decreases until in the No. 4 New Mine clay the 
effect was too slight to be detected by the method 


employed. 
3. Contraction having a maximum at 880-920 deg. C. 
This change is more ual than No. 2,and the maximum 


is sometimes well defined, sometimes not. The tem- 
ture of the change seems to fall slightly as the clay 
Caen more silicious (Old Mine average 920 deg. C., 
New Mine No. 1, 910 deg. C.; No. 4, 870 deg. C.). The 
change takes place as the main contraction of the clays 
is just beginning. The magnitude of the change seems 
in to vary directly as the alumina content, but the 
effect is less marked than with No. 2, and the Old Mine 
Black proves an exception. 

4. Contraction at 1,020-1,030 deg. C. (one case at 
980 deg. C.). This change is well marked, although the 
curve is a | flattening here. The decrease in 
magnitude and lowering of temperature are strongly 
marked as the alumina percentage drops. 

Changes 2 and 3 are really contractions and not due 
merely to changes in the coefficient of ion. They 
are apparently irreversible on cooling. Porosity deter- 
minations on Old Mine clay indicate a decrease in 

ity at 600 . C., an increase at 800-760 deg. C- 
Followed by reversal, decrease at 880-910 deg. C. followed 
by reversal, and a slight reversible increase at 700 deg. Cc. 
Specific gravity was determined on powdered clay (Old 
Mine Black and average Old Mine), The results show 
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a distinct increase in specific gravity at 700 deg. C. 
followed by a reversion to the normal at 780-800 deg. C. 
At 880-900 deg. C. the curve flattens appreciably, but 
no sudden change is shown. At 980-1,020 deg. C. a 
strong decrease takes place. The larger proportion of 
carbonaceous matter in the black clay lowers the specific 
gravity directly and increases the porosity of the grains 
of elay when burned. The results of tests of hygro- 
scopicity and of solubility in hydrochloric acid are re- 
corded. Heating curves were studies up to a maximum 
temperature of 1,130 deg. C. The effect observed 
were absorption of heat at 110-120 deg. C., absorption 
of heat at 560-570 deg. C., evolution of heat commencing 
at 930 deg. C., and slight absorption at about 1,050 deg. C. 
No distinct change at 700 deg. C. was observed, but the 
direction of the curve changes slightly at 745-780 deg. C. 
Dehydration experiments showed that a distinct loss of 
water took place at somewhat similar temperatures to 
that of the arrest on the corresponding heating curve. 
By giving an hour’s heating at varying temperatures a 
smooth curve is obtained showing no sudden loss of 
water. When taking a heating curve, which is com- 
pleted in 30 minutes, the effect of time on the dehydra- 
tion action is only slight. Under these conditions the 
combined water, which with slow heating is gradually 
evolved between 400 deg. C. and 500 deg. C., is retained 
to 500 deg. C. (the temperature of the arrest on the 
heating curve), which constitutes an upper critical 
temperature above which combined water is not found. 
The water is thus evolved suddenly, giving a strong 
absorption of heat. With the Stourbridge Old Mine 
clay the water is lost at 500-560 deg. C., with slow 
heating. When the rate of heating is high, the water 
is retained to 560 deg. C. (as in the heating curves) and 
suddenly evolved. ’ 

The author proceeds to discuss the explanation accord- 
ing to the kaolinite theory, and then at considerable 
length according to the hexite-pentite theory, which he 
suppc. bs. 

Among the author’s conclusions are the following : 
Three definite critical ranges are to be found in Stour- 
bridge fireclay at temperatures approximating to 
700 deg. C., 920 deg. C. and 1,030 deg. C. The —— 
take place in all the clays of the series and at simi 
temperatures in each. The magnitude of the changes 
decreases slightly with the alumina content, particularly 
those at 700 deg. C. and 900 deg. C. The 1,030 deg. C. 
change is probably of a purely mechanical nature ; 
examination of polished surfaces showed a distinct 
merging of grains and loss of sharp outline. 


X-RaploGRaAM OF KAoOLINITE AND THE THERMAL 
DECOMPOSITION OF CLAY. 

Dr. J. W. Mellor then presented a paper by Professor 
W. H. Bragg and himself with the above title. 

It may be taken as fairly certain that clay breaks 
down at a temperature of 500 . C. into water and 
something else. To a chemist there is no essential 
difference between dehydration and decomposition. 
According to chemical analysis of the purest materials 
available the clay itself has a composition corresponding 
to the formula AlgOz. 2 SiO2. 2 H2O, and the a may 
in like manner be represented as AlgO3.2Si0O2. The 
residue may consist of silicates or a silicate with or 
without free silica, or it may consist of free silica and 
free alumina. Mr. Houldsworth’s curves (shown in 
connection with a previous paper) indicate that some 
free alumina is present. 

Work has recently been done by Professor Bragg on 
the structure of crystalline powders, using X-rays. 
Kaolinite before heating at 600 deg. C. had a definite 
crystalline structure. After heating at 600 deg. C. it 
was almost completely non-crystalline, so whatever was 
left had no structure such as would characterise a chemical 
individual. It is certain that at some higher tem- 
perature a substance is formed of the composition 
AlpO3.8iO2, and this corresponds to the mineral 
sillimanite. As an explanation of these facts, Dr. 
Mellor prefers, after consideration of all the available 
evidence, to regard the successive processes as a breaking 
up (of the kaolinite residue) into free silica and alumina, 
followed by recombination to form Alo03.Si02. He 
sees no valid justification for the hexite-pentite theory. 
He added that china clay radiograms agree with those of 
kaolinite. 

Dr. A. Scott, discussing the preceding papers, remarked 
that various changes are possible on heating clays. The 
products may include amorphous silica ont alumina, or 
silicates of alumina. The presence of nontronite (a 
hydrated silicate of ferric oxide) in some clays introduces 
complications. Iron oxide liberated from the non- 
tronite may itself undergo change, as may also titanium 
dioxide. Most silicate changes are very sluggish. It 
may be said that 20 or 30 changes are possible. There 
are also to be considered the expulsion of CO2 from 
carbonates, and oxidation of carbonaceous substances. 

Sokolov’s results support the view that kaolinite breaks 
up into free oxides at 500-600 deg. C. Mr. Houldsworth 
and Professor Cobb verify. results obtained by Dr. 
Mellor and others. 

There is no doubt that the X-radiogram of clay shows 
very definite crystalline structure. The calcined material 
shows only a trace of the crystalline substance. After 
heating at 700 deg. ©. the material was absolutely 
amorphous. 

Mr. W. J. Rees quite agreed with Dr. Scott that the 
effects of impurities in clay may account for the varia- 
tions noted by Mr. Moore in his paper. He considered 
the hexite-pentite theo Pend a untenable. In 
regard to the peculiar behaviour of some bauxites, the 
water might come from two different minerals, diaspore 
and gibbsite, both of which are hydrated alumina. 

Dr. Martin suggested that measurement of the vapour 
pressure of water coming off, though difficult to accom- 
plish, might afford valuable indications. He considered 





that the hexite- 
court by the X-radiograms. 

Mr. H. 8. Houldsworth said the bulk of the work 
was done at the rate of 8 deg. per minute. Loss of 
weight began at about 400 deg., and all the water went 
off at 400 deg. to 425 deg. C. continued for some days. 
All the water went off in one stage, which was not in 
accordance with the hexite-pentite theory. At 450 deg. 


mtite theory was definitely put out of 


to 600 deg. C. the combined water went off. 
Mr. C. E. Moore that the impurities are certainly 
important. If their form was known, they might be 


allowed for, but he did not think they fully accounted 
for the variations. As regards loss of crystalline form, 
it might possibly be restored at a higher temperature. 


An EXAMINATION OF REFRACTORIES BY 
HyYpDROGEN BLOWPIPE. 


This was the title of the next paper by Mr. A. L. Curtis. 
The arrangement is suited for examining quickly the 
pro’ ies of refractories, particularly in small quantities. 
Coa or acetylene might be employed, but the latter 
is difficult to control for a small piece. The powdered 
refractory is mixed with water or with a solution of 
dextrine in water. The test is checked with Seger cone 
mixtures made into test pieces of similar height to the 
refractory test pieces, the number of seconds occupied 
in producing the desired effect being noted. 

camera is used to record the changes. Microscope 
objectives and telescope objectives are employed, with 
a screen on which the effect is watched all the time. 

The effects on certain bauxite clays and Scotch fire- 
clays were described. The blistering which was shown 
by bauxite clay was attributed to a high percentage 
of titanium oxide. 

Mr. Curtis offered to give every facility to any one 
interested. 


THE Oxy- 


» “On the Stresses in Cylindrical and 
Spherical Bodies due to Differences of Temperature 
Inside and Out,’”’ by Dr. C. H. Lees, F.R.S., was taken 
as read, written discussion of this and any of the other 
—- being invited. 

he paper by Dr. Lees deals with a simple graphical 
method for determining the stresses set up by a difference 
of tem ture between the surface and the interior 
of a cylindrical or spherical body. The method does not 
assume that the expansion of the material with rise of 
temperature is constant. Ceramic bodies are seldom 
either simple spheres, circular cylinders, or circular 
dises, but calculations may be made for such portions 
as have the shape of a sphere, cylinder or disc, bearing 
in mind that wherever one shape passes into another 
the interaction of contiguous portions will modify 
the results. The method is illustrated by explaining 
how to find the stresses in the material of a hollow 
cylinder of circular section, which is heated till its outside 
surface is at 1,000 deg. C. and its inside at 700 deg. C. 





“Tue European ComMERCIAL.”—This is the title of 

a new weekly journal in English published in Vienna 
by Sir Ernest The first issue is dated item - 
ber 23 and the second September 30. Both contain 
a series of interesting articles from correspondents in 
the various countries, dealing with the commercial and 
industrial situation in European countries, as Austria, 
ium, Bulgaria, Czecho-Slovakia, France, &c. Labour 
problems in the various nations, fi ial questions, 
power distribution schemes are also dealt with. The 
— appeals to every trade and every industry. 
he offices are in Vienna, the London publishers being 
ra 3 Benn Brothers, Limited, 8, Bouverie-street, 
.C. 4. 








CERTIFICATES AND Diptomas IN ELectrRicAL ENGIN- 
EERING.—Arrangements have been come to between 
the Institution of Electrical Engineers and the Board of 
Education for the award of certificates and dipl 
in electrical engineering to students in technical schools 
and colleges in England and Wales. The diplomas will 
be issued in connection with full-time courses and the 
certificates in connection with part-time courses, and 
in each case senior and advanced grades will be arranged. 
Rules for the administration of the scheme are now 
in course of preparation and will be issued shortly. 
Further information may be obtained from the 
of Education, Whitehall, 8.W. 1. Inquiries relating 
to English schools should be addressed to the Expert 
iors in Engineering, and those relating to schools 
in Wales to the Secretary tof he Welsh Department. 








Tue Late Proressor BAnk1.—Professor Donat Banki, 
who died in Budapest in A it, was well known as a 
member of the firm of Ganz Co. (later styled the Danu- 
bius Company), as a teacher at the Budapest Technical 
High School since 1899, and as author of numerous papers, 
theoretical and technical, numbering more than 200, 
contributed both to French and English journals. His 
main research field was the internal-combustion engine. 
His atomiser of 1893 for petroleum and benzine motors is 
considered to have been the prototype of the carburettor. 
He advocated high compression, and made various 
fruitful suggestions also for the perfection of water and 
steam turbines. He had a large share in the industrial 
development of Hungary, which took place in the last 
few decades, and ially in the advance of engineeri 
construction and of the engineering profession. Two 
his great schemes, the execution of which the dismember- 
ment of Hungary made impossible, die with him: the 
natural-gas pipe line from Erdely in Transylvania to 
Budapest, which he planned to work at unusually 
high gas pressure ; and a big water-power plant at the 
Iron Gates. Universally respected he was elected a 
member of the Hungarian Academy in 1911; at the 
time of his death he was in his 64th year. 














HEAT TREATMENT OF CAST IRON. 


GREY cast iron is sometimes heated in order to render 
it sufficiently soft for machining, but the processes 
have little been studied, though they are of considerable 
theoretical and practical interest. In the last com- 
munication on this subject, published in our issue of 
July 4, 1919, Mr. J. E. Hurst came to the conclusion that 
the combined carbon in b a cast iron was gradually 
decom; at about 550 deg. C. or 600 deg. C., and that 
this decomposition was independent of the original 
amount of combined carbon present in the iron, but 
dependent upon the silicon reentage. In iron not 
exceeding 1 per cent. in its silicon content the decom- 

ition was indeed very difficult to effect. Stahl und 
isen, of tember 28, now publishes two independent 

pers on the subject. The author of the first, Dr. E. 

iwowarsky, of Breslau, treated a grey cast iron with a 
total carbon percentage of 3-18, half a per cent. being 
combined carbon, and 0-07 per cent. of silicon, first in 
its original state and then, after alloying it with 20 per 
cent. of steel scrap or with 1 per cent. of nickel. In the 
steel-scrap product the total carbon went down to 
2-48 per cent., but 1 per cent. of this was combined 
carbon. Piwowarsky found that to make the specimens 
soft by heating them in an electric furnace, they should 
be heated rather quickly up to temperatures a little 
above the Ac; point (from 800 deg. C. to 825 deg. C. 
in these cases) and then slowly cooled, at the rate of 
1 deg. C. or 2 deg. C. per minute, through the Ar; interval 
(735 deg. C. to 740 deg. C. in the case of the scrap product). 
Heating below Ar; was useless with these specimens, 
which, it should be noted, contained very little silicon. 
Both in this respect and as to the maximum temperatures 
the conditions, therefore, differed from those in Hurst's 
experiments. 

he second paper which we wish to notice is by Dr. 
Ing. E. Schiitz, of Leipzig. He had observed that the 
Brinell hardness of reheated specimens of grey castings 
increased, e.g., from 126 to 155, from the surface inward. 
His material was rich in silicon (2-26 per cent.) and con- 
tained 3-56 per cent. of total carbon, of which 0-5 per 
cent. was combined. In order to determine the tem- 
perature at which the decomposition of the combined 
carbon begins and is completed, the material was tested 
in three series ; in the first series the heating at various 
temperatures was continued for 24 hours, in the second 
series for 6 hours, in the third series for 3 hours, the 
temperatures being raised in all the three series by oe 
of 50 deg. C. or 25 deg. C. finally to 700 deg. C. In the 
first series the decomposition Legon at 500 deg. and 
was practically completed at 600 deg.; in the two 
other series the decomposition set in as the temperature 
reached 550 deg. or 575 deg., and was completed at 
650 deg. Technically his experiments would appear to 
show that to reduce the Brinell hardness of a casting 
15 mm. (0-6 in.) thick from 165 down to 130, we should 
heat it either for 24 hours at about 560 deg. C. or for 
6 hours at 590 deg. C., or for 3 hours at 620 oe. Cc. The 
exact observation of these temperatures would be 
difficult in practice, but the heating to higher tempera- 
tures for shorter periods will in general preferable 
to presenene heating to temperatures which are only 
by 30 deg. C. lower. In both the investigations mechani- 
cal and metallographic tests were applied. The influ 
ences of the other constituents of cast iron will have 
further to be studied. But it seems clear that the 
decomposition of the eutectoid lite, or, rather, of 
the cementite FesC, in the pearlite, into ferrite Fe and 
temper carbon C can be secured at relatively low tem- 
peratures, at any rate, in the presence of considerable 
percentages of silicon. 





Tae CHEetmsrorp Encrneertne Socrety.—The 
1922-23 session of this society opened on Thursday, 
the 5th inst., when Captain H. Riall Sankey delivered 
his presidential address, in the course of which he related 
to the members some of his mechanical and electrical 
reminiscences. The programme of forthcoming meetings 
gives the titles of papers on electricity, steel metallurgy, 
engine construction, wireless, &c., which are to be 
read and discussed during the session. 


Om S#aves In THE Untrep Srares.—The oil shales 
of the New Albany, Indiana, district, which constitute 
the principal shale resources of that State, should yield 
from 6 gallons to 14 gallons of oil per ton, according to 
distillation tests made in the course of a co-operative 
investigation by the University of Indiana and the 
United States Bureau of Mines. The yield of oil from 
the New Albany shale is much less than the average yield 
from the western shales, but the oil obtained will 
apparently yield a higher percentage of motor fuel than 
many western shales. Factors favouring the develop- 
ment of the Indiana shale as a source of oil are its homo- 
geneity, the thickness of the deposits, the quantity 
available, its accessibility, the ease and low cost of 

uarrying and crushing, and the high content of nitrogen. 

he normal thickness of the formation in Indiana is 
about 100 ft. In numerous places the shale has been 
quarried for use in road building. The thickness of the 
formation, its texture, and the topography of the terrain 
lend themselves admirably to quarrying on a large and 
inexpensive scale. The New Albany shale is rather hard 
and brittle when fresh, and may be crushed readily. 
In the progress of the work on Indiana oil shales, per- 
formed by the Bureau of Mines and Indiana University 
the collection of ples and other data of value regarding 
the utilisation of the shale, accessibility, homogeneity, 
thickness, origin, water supply, railroads, cost of quarry- 
ing, and quarrying itself is being carried out. All shale 
quarries of the State have been mapped. Some 60 
samples of shale have been collected which will be tested 
this autumn and winter at the university. 
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THE MEG INSULATION TESTER. 


ProBaBLy few pieces of electrical apparatus of a 
specific make are in more common use throughout 
the world, or are more widely known, than the insu- 
lation testing set which goes by the name of the Megger. 
This instrument, which is manufactured by Messrs. 
Evershed and Vignoles, Limited, of Acton-lane Works, 
Chiswick, London, W. 4, was introduced in 1903. 
The method of testing insulation under pressure by 
means of an ohmmeter used in conjunction with a hand- 
driven generator, which forms the essential feature 
of the Megger, was, however, in use earlier than this, 
and it was in 1889 that Mr. Sydney Evershed introduced 
his first testing set which operated on these lines. 
The distinctive feature of the Megger was that it was 
a one-box instrument and no external apparatus or 
current supply were required. The convenience of 
an arrangement of this kind was quickly recognised, 
especially when it was coupled with the fact that the 
instrument indicated directly in ohms and that no 
technical knowledge was necessary to operate it, and 
the Megger came into very extensive use. 

Although the reputation of the Megger is secure 
and it is likely to be manufactured for very many years 
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workpeople could not compete with those of Switzer- 
land and Germany in the finer handicrafts which this 
type of manufacture involved. This idea weakened 
to some extent even before the war and, particularly 
in connection with the .accessories of the electrical 
industry, many examples of what could be done in 
this way were to be seen; and it is to the credit of the 
workers of London that many such successful applica- 
tions of the finer handicrafts have found a home there. 
This tendency to make instruments at home instead 
of purchasing them from abroad received an important 
impetus during the war, and activities of this kind 
have probably established a valuable and permanent 
place in our economic life. 

In the manufacture of high-class scientific instru- 
ments at a moderate price the skill of the workpeople 
is an important factor, as we have suggested, but above 





through the second pair of coils, and if at this time the 
external circuit is open, as in Fig. 1, the coils will be 
deflected into the weakest part of the field of the 
permanent magnet—that is, into the position shown in 
Fig. 1. The moving coil element carries a pointer 
working over a scale, and in this position of the coils 
the pointer will indicate infinity. If now a resistance 
be connected between the line terminal and earth, 
as is the condition when the instrument is being used 
for testing, a deflecting current will be produced in the 
first coil and the pointer will move across the scale. 
The instrument is calibrated so that the scale reading 
indicates the external resistance in ohms. If the line 
and earth terminals are shorted the pointer swings 
to the other end of the scale and indicates zero ex- 
ternal resistance, see Fig. 1. The movement is not 
spring-controlled. As the action is a differential 
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to come, Messrs. Evershed and Vignoles have none 
the less been faced with a new problem in connection 
with it in recent years. ‘The Megger is a comparatively 
expensive instrument, and with the ever-widening use 
of electricity it has come to be realised that there are 
a large number of wiring contractors and others to 
whom it would be of great value, but whose business 
is not sufficiently large to justify the capital expendi- 
ture which its purchase involves. This condition has, 
of course, been accentuated by the rise in values 
and the business difficulties which have followed the 
war. To meet these conditions Messrs. Evershed have 
designed and are manufacturing anew insulating testing 
instrument of the Megger type, but capable of being 
manufactured at a greatly reduced cost. This new 
instrument is known as the Meg, and is illustrated in 
the figures above. 

The new instrument is an admirable piece of work, 
and its moderate price of 17/. has been secured by 
able design having relation to modern manufacturin, 
methods and not by any reduction either of material 
or workmanship. The Meg is now being built in large 
quantities at the firm’s Chiswick works, and an inspec- 
tion of the various operations affords an excellent lesson 
in the manufacturing possibilities inherent in this 
country. No great number of years ago there was 
a not uncommon idea that instrument work of this 
class could not be carried out for a moderate price 





in this country. It was supposed and said that our 


and behind this there must be capable directive ability 
and able technical knowledge. The first of these we 
need not enlarge on in the present instance; the 
tecord of the firm tells its own tale. On the technical 
aspect of the matter we may enlarge to some extent, 
since the new instrument forms an admirable example 
of the true scientific design which produces accurate 
results by simple means and at no time loses sight of 
manufacturing conditions. Before referring to some 
of the details of the Meg it will be well, however, 
briefly to deal with its scientific principles, as this will 
facilitate reference to such of its detail parts as we 
may wish specially to mention. A diagram of con- 
nections of the instrument is given in Fig, 1. The 
generator, which is of the permanent magnet type, is 
shown at the right-hand side of this figure. This 
machine, which generates at 500 volts when driven at 
100 r.p.m., is connected to the ohmmeter as shown in 
the diagram. The ohmmeter is a moving-coil instru- 
ment with three coils. One of these is connected 
from the negative pole of the machine through a_per- 
manent resistance to the line terminal of the instru- 
ment. As the other instrument terminal is con- 
nected to the positive pole of the generator, the result 
is that, when the instrument is in use, the resistance 
being tested is in series with this coil. The other coils 
are connected across the generator through a second 
permanent resistance. 

When the generator is operated a current will flow 





Fie. 4. 


one the ohmmeter is independent of applied voltage, 
so that a simple variable voltage generator is all that 
is required. The generator is gear-driven, and in 
practice there is little difficulty in driving it at a fairly 
constant speed. 

The arrangement of the parts and the general con- 
struction of the Meg will be understood from Fig. 2, 
which shows the end covers drawn off, and from Fig. 3, 
which is a view of the complete instrument from above, 
showing the scale and pointer. The main elements 
consist of a cast aluminium body and cast aluminium 
end covers, the three parts screwing together and 
forming a watertight construction. Each end cover 
with its generator or ohmmeter forms a unit which 
ean be assembled complete before it is put in place. 
The gearing is carried in an oiltight casing forming 

rt of the end cover, and which is illustrated in Fig. 4. 

e gear wheels are of mild steel and are a press-tool 
job, the teeth not being cut independently. The 
operating handle, which is formed from a plate stamp- 
ing dished to give rigidity, drives through a simple and 
effective form of free wheel. This consists of a ratchet 
clutch and a helical spring. If turned in the wrong 
direction the spring slips, but in the correet direction 
it expands and drives the generator in the manner of 
a coil clutch. By flanging. the outside laminations 
of the core a reduction of the magnetic reluctance of 
the air gap is obtained, in addition to a reduction m 
the resistance of the windings. The whole generator is 
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PORTABLE PIG-IRON BREAKING MACHINE. 


CONSTRUCTED BY MESSRS, GEORGE GREEN AND CO., ENGINEERS, KEIGHLEY. 
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of concentric construction, which facilitates assembly. 
The cover, which can be seen over the generator in 
Fig. 2, is introduced to prevent interference with the 
movements of the pointer by the windage of the 
machine. 

The construction of the ohmmeter can be seen in 
Fig. 2. The magnet is an interesting feature, being 
formed from a single forging without pole pieces. 
It is made from a drop-forged ring, which is 
milled out to form the gap in which the movement 
swings. The movement frame is constructed from 
a single stamping. The end compartment contain- 
ing the ohmmeter projects above the terminals 
of the instrument, so that these are protected and 
are not liable to accidental damage. The overall 
dimensions of the Meg are 5} in. by 7} in. by 6} in., 
and it weighs only 6} Ib., so that it may very easily 
be carried anywhere by hand. A neat handle folds 
down on either side of the case when the instrument is 
packed in its canvas or leather case. The shape of the 
driving handle is such that it is naturally protected 
by the case, and is little likely to be damaged by an 
accidental blow. The instrument indicates from zero 
to 100 megohms and at present is not made of any 
other range, as it is desired to take full advantage of 
repetition methods. 








PORTABLE PIG-IRON BREAKING 
MACHINE. 


THE accompanying illustration shows a portable 
type of pig-iron breaking machine which has been 
developed with a view to saving transport of pig-iron 
in large works. The machine is the production of 
Messrs. George Green and Co., Cooke-street, Keighley, 
and was especially designed to meet the requirements 
of Messrs. Harland and Wolff, Limited, of Belfast. 
It is arranged on a channel iron base and is a self- 
contained unit, and can be picked up by a crane and 
quickly moved to any desired point. 

The machine itself consists of one of the firm’s 
standard types, which are well known, It is driven 
through reduction gearing by a Lawrence Scott motor, 
the size of motor usually supplied ranging from 5 b.h.p. 
to 74 b.h.p. aceording to requirements. When breaking 
pig-iron into four the capacity of the machine is 12 tons 
of hematite per hour, while if only breaking into two 
the output of the machine is practically doubled. 
The machine can be used for breaking sows which 
cannot be broken by hand. It is slung by the crane 
by means of three shackles, the positions of which will 
be clear from the view reproduced in our illustration. 
Messrs. Green’s pig breakers are also arranged if desired, 
for belt drive. 
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INDUSTRIAL NOTES. 

THE executive of the Miners’ Federation of Great 
Britain held a meeting last week, at the close of which 
Mr. F. Hodges stated that they discussed the general 
wage situation throughout the country and would 
submit their views to the Joint National Wages Board. 
It is reported that the men’s leaders are dissatisfied 
with the national agreement ; they ask that the price 
of coal be increased by 3s. per ton, and that charges 
which weigh heavily on the cost of production be 
eliminated. 





Following this meeting, a meeting was held of’ the 
National Wages Board for the coal industry, at which 
the owners gave their reply to the proposals made by 
the men with a view to improving the economic position 
of the industry. It was stated that after a lengthy 
discussion, the workmen proposed that a minimum 
rate of wages should be paid so as to provide an average 
minimum wage in every district exceeding the July, 
1914, wages by a percentage equal to the cost of living 
figure published by the Ministry of Labour. The 
owners replied that, in view of the economic position 
of the industry, as revealed by the published work- 
ing results, and of the position of the other indus- 
tries of the country, it was quite impossible to consider 
any increase in the minimum, but that, on the contrary, 
it would be necessary in the near future to consider the 
existing position both as regards the present minimum 
under the agreement for the division of the proceeds of 
the industry between wages and profits, and as regards 
the recoupment of deficiencies in periods in which the 
profit provided for in the agreement was not realised. 
The workmen intimated that they could not leave 
the matter in this position, and that it would be 
necessary for them to consider whether they should 
not approach the Government to ascertain what could 
be done by them to assist the workmen in securing 
what they regard as a living wage. 

Following this, Mr. Hodges stated that since the 
owners could not find the means of granting the men 
engaged in the coal-mining industry an advance 
enabling the men to obtain a wage equal to the cost of 
living, the facts must be put before the Government. 

Mr.. Hodges has stated that wages are 60 points 
below the cost of living. The owners, for their part, 
contend that the men are not so badly off as is repre- 
sented ; in any case, they add that there is not in the 
industry the revenue to provide increased wages. 





It is interesting to record here, briefly, a statement 
made by the whers with reference to the above. 
They said that according to a popular assumption, 
miners were in receipt of wages only 20 per cent. above 
those paid in the pre-war period. This was not so, 








since the average earnings of miners throughout the 
country worked out at approximately 45 per cent. 
above the pre-war scale. Piece-workers had 14 per 
cent. more than their former rates, so as to enable them 
to earn as much in 7 hours asin 8 hours. The miners’ 
leaders know well that wages absorb the vast bulk 
of the proceeds from the industry. According to their 
last proposal, the owners should raise prices to the 
general y of consumers, so as to provide a sufficient 
revenue from the sale of coal to afford the miners 
what they deem a living wage. 


The National Federated Electrical Association, 
11, Southampton-row, W.C. 1, has issued a slip giving 
notice that in accordance with the agreed recom- 
mendation between it and the Electrical Trades Union, 
at York, on July 27, all rates of all grades of employees 
will be reduced by a further 5 per cent. on the April, 
1921, rates, making a total reduction of 27 per cent. on 
the April, 1921, rates. The reduction is.to come into 
operation on the first pay day following Sunday, the 
8th inst., for the period covered by that pay day. The 
revised rates under the National Wages Agreement for 
the Electrical Contracting Industry, payable on the 
second pay day in October, will be : Grade A, ls. 10d. ; 
grade B, ls. 73d. ; grade C, ls. 64d. ; grade D, le. 43d. 
These rates will remain current up to and including the 
period covered by the first pay day in December, 1922. 


The result of the national ballot of tramway workers 
on the question of acceptance or rejection of the pro- 
visional terms of settlement of the wages dispute is as 
follows :— 


For acceptance 22,436 
Against 10,541 
Majority for acceptance 11,895 


It is stated that 55 per cent. of the members who were 
eligible had recorded their vote. The National Trade 
Group Committee of the Transport and General 
Workers’ Union held a meeting last Monday and decided 
that, following the ballot, the settlement terms should 
be endorsed, and they instructed the secretary to 
sign the agreement in conjunction with the repre- 
sentatives of the tramway employers’ organisations. 
Under the settlement there will be a reduction this week 
of 48. per week. Future adjustments of wages will be 
made every three months by the operation of a sliding 
scale based on the cost of living, the men losing or 
gaining 1s, for every four points fall or rise in the 
official index figure. There will, however, be no further 
adjustment until January, the next change, if any, 
operating from the beginning of February. 


The executives of the unions in the Engineering and 
Shipbuilding Trades’ Federation have held several 
meetings at Edinburgh to consider the employers’ 
proposal to reduce wages a further 10s. per week, 
thus cancelling the 26s. 6d. war bonus. At one of these 
meetings the result of the ballot taken on the question 
was announced as follows: For acceptance of the 
proposed reduction, 7,148; for resisting the proposal 
by a strike, 24,267; for empowering the men’s repre- 
sentatives to make the best terms, 57,824. At the 
close of a meeting last Wednesday between employers 
and workers it was stated that modifications had been 
made by the employers as to the dates on which the 
reduction of 10s. is to be effected, and as to a special 
gradation in the reduction in the case of the lower 
paid men. A ballot on the new terms is to be taken. 


Speaking in South Shields a few days ago, Mr. Robert 
Smillie said that wars would not be stopped if matters 
were left to politicians and capitalists, for it did not 
pay financiers to stop war. ‘ The only ple who 
could stop war,” he added, *‘ were the democracies 
of the world, and it was their duty to unite in an 
international campaign for disarmament.’” On the 
other hand we find it stated in the Yorkshire journals 
that the news to the effect that the original naval 

rogramme was to be scrapped had come as a severe 

low to thousands of workers, as well as to the big 
armament firms whose plant was specially constructed 
for heavy work. It is further said that indignation 
is expressed at the refusal. of the Prime Minister to 
receive a deputation of Lord Mayors and Mayors of 
armament towns, on the question of expediting the 
placing of the orders for the two battleships which are 
to be built under the Washington agreement. The 
action by the civic authorities referred to is taken by 
them simply with a view to provide work for a large 
portion of workers in their cities. Such being the 
fact, how does Mr, Smillie reconcile his statement 
with this action on their part? We are not by any 
means a bellicose nation and shall never start a war. 
It is other nations who require preaching to, and if 
Mr. Smillie could convince them he would not have 
preached in vain. 
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THE COMMONWEALTH GOVERNMENT 
LINER “JERVIS BAY.” 


Tue T.S.8. Jervis Bay, which left London on her 
maiden voyage to Australia on September 26, is the 
last of five new steamers built for the fast passenger 
and cargo service of the Commonwealth Government 
Line. The Jervis Bay and two similar vessels named 
Moreton Bay and Hobson’s Bay were built by Messrs. 
Vickers, Limited, at Barrow-in-Furness, while the two 
other vessels employed on the service, viz., the Largs 
Bay and Esperance Bay, were constructed by Messrs. 
Beardmore and Co., Limited, at Dalmuir; all five 
vessels are practically identical. With this service, 
which was inaugurated in December last with the 
Moreton Bay, the quickest passage from this country 
to Australia is obtained, the vessels proceeding direct 
from London to Port Said without calling at any 
intermediate ports and travelling thence to Colombo, 
which is reached in twenty days. No calls are made 
between Colombo and Fremantle, where the vessels 
arrive thirty days after leaving London. The Aus- 
tralian ports of Adelaide, Melbourne, Sydney and 
Brisbane are reached in correspondingly short time, 
the journey from Fremantle to Brisbane, with the 
intermediate calls, occupying a further seventeen days. 
The homeward passage follows the same route and takes 
the same total time, the round trip being completed in 
about 102 days. 

The Jervis Bay, to which we shall confine our atten- 
tion in the present article, is of the shelter-deck type 
and is classed 100 Al in Lloyd’s Register. She has 
been built to comply with all requirements of the 
Board of Trade as well as those of the Australian 
Navigation Act. Her principal dimensions are :— 
Length overall, 548 ft. 9 in.; length between per- 
pendiculars, 530 ft. ; moulded breadth, 68 ft. ; moulded 
depth to shelter deck, 43 ft. 6 in., and draught fully 
loaded 29 ft. 114 in., while the gross tonnage is 13,850 
and the service speed 15 knots. There are six decks in 
all, including the boat and bridge decks, and of these 
the three upper are reserved for passenger accom- 
modation, leaving the lower three and main holds for 
cargo. The passenger accommodation is mainly 
third-class, two, four and six-berth cabins being pro- 
vided for 712 persons on “‘C’’ deck, but there are 
six special cabins, each including a private bathroom, 
situated on “‘A”’ deck. The style and arrangement 
of the third-class cabins, as well as of the dining saloons, 
social hall, smoke room and verandahs, which are 
situated on “‘ B’’ deck, are, however, quite equal to 
that of the second-class accommodation of many 
modern vessels. Large and conveniently-fitted pantries 
and galleys are placed immediately aft of the dining 
saloon on * B”’ deck, and adequate hospital accommo- 
dation is also provided on this deck at the after end. 
A complete installation of watertight doors, operated 
from the bridge, has been fitted, and the boat accommo- 
dation provided consists of two 28 ft. dingheys, twelve 
lifeboats and two motor lifeboats; the tice are 
equipped with wireless apparatus and are capable of 
towing all the other boats. 

There are six holds with large hatches, and rapid 
handling of the cargo is facilitated by the provision of 
22 steel derricks and two electric cranes; a 35-ton 
derrick is also provided for dealing with exceptionally 
heavy loads. Four of the holds are refrigerated, and 
these have a total capacity of 370,000 cubic feet ; they 
are insulated with slab cork, faced with a fireproof 
and waterproof composition. It may also be of 
interest to mention that the insulated space includes 
two small experimental chambers, to be used for the 
conveyance of soft fruits and other perishable produce 
from Australia to this country, the object being to 
enable Australian shippers to ascertain the most 
suitable conditions for transporting such produce. 
The refrigerating plant consists of two horizontal 
single-cylinder marine type CO, machines made by 
the Liverpool Refrigerating Company. Four elec- 
trically-driven centrifugal fans are fitted for supplying 
air to the holds and ’tween-deck spaces in which fruit 
is carried, and special screens are erected to ensure 
the uniform distribution of the air throughout the 
cargo. 

The vessel is propelled’ b. twin screws driven by 
two sets of double-reduction geared turbines, one set 
of which we illustrate in Figs. 1 and 2 on page 462, 
with the upper casings of both turbines and gearing 
removed. As will be gathered from these illustrations, 
the high-pressure turbine—that on the right of Fig. 1 
—is of the impulse-reaction type, the first stage con- 
sisting of a wheel with two rows of velocity-compounded 
blades, while the remainder of this turbine comprises 
five expansions of reaction bladi The mean 
diameter of the impulse wheel is 2 ft. 8§ in., and the 
reaction blading, which varies in height from 14 in. 
to 34 in., is mounted on a solid drum 17 in. in diameter. 
The blading for both high-pressure and low-pressure 
turbines, it should be mentioned, has been machined 
from solid sections, thus dispensing with separate 





packing pieces. In the high-pressure turbine, carbon 
glands are employed at the forward end and labyrinth 
packing at the after end; a Michell thrust block is 
fitted at the forward end to take the steam thrust. 
The blading of the low-pressure turbine is of the 
reaction type throughout, varying in height from 
2} in. to 74 in. There are eleven expansions in all, 
carried on eight independent discs mounted on the 
rotor spindle; the first three discs are 2 ft. 7 in. in 
diameter and the remainder 3 ft. 9 in. in diameter. 
The astern turbine is incorporated in the low-pressure 
turbine at the forward end, as clearly shown on the 
left of Fig. 1, and comprises an impulse wheel with 
three rows of blades and five expansions of reaction 
blading, ranging from 1} in. to 3 in. in height, mounted 
on a drum 3 ft. in diameter. The spindle is packed 
at both ends with labyrinth glands and a Michell 
thrust block is fitted at the forward end, as in the case 
of the high-pressure ahead turbine. Arrangements are 
made so that either the high-pressure or low-pressure 
turbine can be worked independently of the other 
in the case of a breakdown, this being accomplished 
in the usual way by fitting blanks and rings on the 
receiver connections between the two turbines. The 
casings of the high-pressure ahead turbine and the 
steam chest portion of the high-pressure astern turbine 
are of cast steel suitable for use with superheated 
steam. 

The high-pressure turbine runs at 3,200 r.p.m. and 
the low-pressure turbine at 2,100 r.p.m., while the gear 
ratio is such that, with these turbine speeds, the pro- 
peller runs at 90 r.p.m. The total shaft horse-power 
developed by the two sets at this speed is about 9,000. 
When running astern the power developed is approxi- 
mately 65 per cent. of the latter figure. The turbines 
are connected by flexible couplings to the first reduction 
pinions, which engage with the wheels on the inter- 
mediate shafts, and the intermediate pinions engage 
with the main wheels on the propeller shaft. The 
arrangement of the gearing, which is of the double 
helical type, ie clearly shown in Fig. 2. The first and 
second reduction pinions are of forged nickel steel, 
while the main wheel consists of a cast-iron centre part 
with a forged steel ring shrunk on. The shaft bearings 
for both turbines and gearing are supplied with forced 
lubrication, and the main thrust blocks, which are of 
the Michell type, are placed on the shafts close to the 
geari The propellers are of the built-up type, each 
being fitted with four manganese-bronze blades secured 
to the boss by mild steel studs with gunmetal cap 
nuts. The bosses are of cast steel, and a cast-iron cone 
is fitted over the propeller nut. Electrically-operated 
turning gear for the turbines, working through the 
intermediate shaft, is fitted, as shown on the right of 
Fig. 2. The gear, it should be noted, is all arranged 
above the level of the platform plates, so as to be 
readily accessible. 

The condensers are of the ‘‘ Contraflo’’ type and 
are suspended from the low-pressure turbine casing, 
as shown in Fig. 1. With the turbines running con- 
tinuously at full speed, the capacity of the condensers 
is sufficient to maintain a vacuum of 28 in. of mercury 
with the barometer at 30 in. and with a sea-water 
temperature of 80 deg. Fahr. The other auxiliary 
machinery calls for no particular comment, but we 
may remark that it embodies all the essentials for 
economical and efficient operation. 

The steam-generating installation consists of three 
double-ended and two single-ended boilers of the 
ordinary multitubular return-tube type, arr in 
one compartment, working under the Howden system 
of forced draught, and designed for a working pressure 
of 220 lb. per squareinch. All the boilers are 17 ft. 6 in. 
in diameter, while the length of the double-ended 
boilers is 22 ft. 6 in. and that of the single-ended boilers 
11 ft.6in. Each double-ended boiler is fitted with eight 
separate furnaces of the Morison suspension type and 
has eight combustion chambers. The single-ended 
boilers have four furnaces and the same number of separ- 
ate combustion chambers. The total heating surface is 
25,923 square feet and the combined grate area is 
646 square feet. The boilers are fitted with super- 
heaters of the smoke-tube type, capable of raising the 
temperature of steam at the turbine stop valves to 150 
deg. Fahr. above the saturation temperature. Smoke 
retarders are fitted in the boiler tubes which do not 
contain superheater elements. Either coal or oil firing 
can be employed, the boiler fronts being 80 
that the change from one fuel to the other can be 
easily and rapidly effected. The Wallsend-Howden 
oil- ing system is installed with three complete 
sets of pumping and heating plant. 

During her trials, which took place early last month, 
the vessel was gradually worked up to full power, 
which was maintained for over twelve hours. The 
speed trials were carried out on the Polperro mile, 
six runs being made with propeller revolutions ranging 
from 70 to 92 per minute; at the latter revolutions a 
speed of 16-33 knots wa; obtained with a total shaft 
horse-power of 8,745. Turning trials were also carried 





out with satisfactory results, and the vessel afterwards 
proceeded to London at an average speed of 15} knots. 
This speed was obtained at 75 per cent. of full power, 
the fuel oil consumption being -934 Ib. per shaft horse- 
power per hour. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Inquiries at representative steel- 
making and erigineering works show that confidence is 
slowly but steadily being restored. July, August and 
September proved to be better months than have been 
experienced in the heavy section for some considerable 
time past. Among buyers and ag pe alike dis- 
tinctly better feeling is evident. This is supported by 
@ more rapid influx of orders on home account, and the 
receipt of a noticeably larger number of inquiries from 
foreign and dependency markets. Trade organisers 
appear to be convinced that at no very distant date a 
considerable amount of work ought to be placed. At the 
same time they regard it as imperative that costs of 
production should be further reduced, particularly so far 
as steel-making materials and finished steel are concerned. 
rt c on steel-making materials and on 
finished products sent to the coast, Imperial taxes and 
local rates constitute by far the largest handicap. 
Mr. Albert Peech, chairman of the United Steels Com- 
panies, Limited, stated at the shareholders’ annual 
meeting this week that those three items of cost together 
represent an increase of 28s. to 29s. per ton on 1914 
c . With such a handicap business is very difficult 
to obtain both in this country and abroad. For the time 
ing at any rate German competition has been shelved, 
but French and Belgian makers are securing a con- 
siderable weight of business which normally would come 
to this district. There is far more movement in quota- 
tions for raw and semi-finished materials than appears 
from a comparison of official prices. This is due to the 
fact that competition among district makers for the 
limited amount of new business available is very severe, 
and special rates are obtainable where the tonnage 
uired is substantial. Average quotations for materials 
delivered in the Sheffield and South Yorkshire areas 
are :—West Coast mixed hematites, 5/. 5s. to 5l. 10s. ; 
East Coast mixed numbers, 5/. 58.; Lincolnshire No. 3 
foundry, 41. 28. 6d. to 4l. 5s.; Lincolnshire forge, 
31. 17s. 6d. to 41.; Derbyshire No. 3 foundry, 4/. 2s. 6d. 
to 4l. 5s. ; Derbyshire forge, 3/, 17s. 6d. to 4/. ; Siemens’ 
acid billets, 10/.; high carbon basic billets, 8/. to 81. 5s. ; 
soft basic billets, /l. to 71. 58.; bars, LIL. 10a. to 121; 
sheets, 151. to 167. Tungsten powder has declined 1d., 
to 28. per pound, but there is no pressure of business 
at the lower rate. Strip and rolling mills are booking 
business with greater freedom, and forges and foundries 
report brighter prospects now that shipbuilding begins 
to show — of movement. Crucible steel is still in the 
dumps. o business of any description is being done 
with America, the Fordney Tariff Act having killed all 
inquiries. Stainless varieties are in best demand among 
special steels. The new malleable products, both in steel 
and iron, are being applied to an increased number of 
uses in engineering construction, particularly for colliery 
work. Business in tool-making is less stagnant, but 
much of the current production is going into stock 
against winter requirements. 


South Yorkshire Coal Trade.—Despite the burden of 
high railway rates, an expanding business in steams 
is being done with Continental users. South Yorkshire 
shipments to Immingham continue steadily on the u 
grade, and with railway companies also taking full 
contract tonnages, collieries are readily disposing of the 
whole of their output. The recent improvement has 
extended to cobbles and nuts, which, though officially 
at former rates, are distinctly firmer. Fewer special 
bargains are to be had. Export buyers are in the market 
for blast-furnace coke. House coal has hardened under 
weather influences, though there is a big surplus of 
inferior grades. Quotations :—Best branch handpicked, 
36s. to.37s.; Barnsley best Silkstone, 33s. to 34s. ; 
Derbyshire best brights, 24s. to 25s.; Derbyshire best 
house, 22s. 6d. to 23s. 6d.; Derbyshire best large nuts, 
19s. to 21s, 6d.; Derbyshire best small nuts, 15s. to 
16s. 6d.; Yorkshire hards, 21s. to 22s.; Derbyshire 
hards, 19s. to 20s. 6d. ; rough slacks, 8s. 6d. to 10s. 6d. ; 
nutty slacks, 7s. 6d. to 8s. 6d.; smalls, 3s. to 5s. 





STANDARDISATION OF Suips’ Firrines.—Two new 
publications, copies of which have reached us from 
the British Engineering Standards Association, contain 
the British standard specifications for hinges for ships’ 
joinery work and for towing and mooring bollards, 
respectively, The first-mentioned specification, which is 
num 3,004, covers practically every type of hinge 
used on shipboard, specifying both the size and the 
purpose for which each type is to be employed. It will, 
of course, materially facilitate the ordering of hinges 
for a new vessel, but the greatest benefit will accrue 
when it is necessary to replace worn hinges. The other 
specification, numbered 3,005, deals with bollards of 
both the vertical and raking t , and while the standard 
designs do not differ meaner from those in common 
use, certain refinements have been introduced for the 
purpose of securing more efficient fittings. The standard 
system of bolting suggested will doubtless be appreciated 
by shipowners as well as by shipbuilders, as it will be 
an advantage to both parties in connection with replace- 
ments. The specifications are published by Messrs. 
Crosby Lockwood and Son, 7, Stationers’ Hall Court, 
Ludgate Hill, E.C. 4, price 1s. net, or post free 1s, 2d. 
Copies may also be obtained from the offices of the 
Association, at 28, Victoria-street, Westminster, 8.W. !. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Scarcity of Cleveland 
pig-iron continues pronounced, but the shortage is hardly 
so acute as it has been. Foundry descriptions are 
difficult to purchase for early delivery, but forward 
business can be arranged at a little below current quota- 
tions. This week 95s. has been paid for early delivery 
of No. 3, but the ruling quality can be bought for October- 
December at 92s. 6d., and less. No. 1 and siliceous iron 
still command 97s. 6d., and No. 4 foundry is quite 90s, ; 
whilst the recognised market figure for No. 4 forge 
remains at 85s. All the foregoing quotations are f.o.t. 
makers’ works or f.o.b. Tees. 


Hematite.—There is continued improvement in East 
Coast hematite. Demand is growing and the statistical 
situation is vastly strengthened. Recent sales have not 
only absorbed altogether what iron several makers had 
at their works, but have taken output of such firms for 
the next week or two. Such stocks as remain promise to 
be disposed of, and the outlook is distinctly brighter. 
Quotations continue to move upward. Nos, 1, 2 and 3 
now range from 91s. to 928. 6d., both for home use and 
for export; and transactions have been put through 
at 91s. 6d. and at 92. 


Blast-Furnacemen’s Wages Reduced.—The average net 
selling price of No. 3 Cleveland pig-iron for the three 
months ending September 30 last has been certified at 
858. 7-16d. per ton as compared with &7s. 11-64d. for 
the previous three months, and under sliding scale 
arrangements blast-furnacemen’s wages on the North- 
East Coast are reduced by 2-25 per cent. for the last 
quarter of the year, lowering wages from 26-25 per 
cent. above the standard to 24 per cent. above the 
standard. 


Blastfurnace Coke.—Sellers of Durham blast-furnace 
coke are in a strong position, and are realising quite 30s. 
for medium qualities delivered, and in some cases up to 
31s. is asked. Local consumers are very loath to pay 
such figures, however. 


Foreign Ore.—Since the recent 10,000 tons sale there 
has been little doing in foreign ore. Orders would readily} ] 
be accepted on the basis of rather less than 24s. c.i. 
Tees for best rubio. 


Manufactured Iron and Steel.—No new features of 
moment are noticeable in finished iron and steel. 
Inquiries are slightly better in one or two departments, 
but actual business keeps slow. Common iron bars 
are 10/7. 10s.; black sheets, 12/.: galvanised corrugated 
sheets, 167. 108.; steel billets, 7/. 10s. to 81. 5. according 
to quality; steel boiler — 121. 108. ;. steel: ship, 
bridge and tank plates, 9/. to 9/. 10s.; steel angles, 
8l. 15s.; steel joists, 97.; heavy steel rails, 94 10s, ; 
and fish ‘plates, 142. 108. 





NOTES FROM THE NORTH. 

Griascow, Wednesday. 
Scottish Steel Trade.—A more hopeful tone prevails 
in the steel trade of Scotland within the past day or two, 
but more than that is wanted, as actual orders are what 
are necessary to stem the tide. Few of the works have 
much plant running, as bookings have recently been on 

such a small scale. Plate mills are suffering badl 

from the slump in shipbuilding, but now that the outloo 
in that industry shows signs of betterment by the 
prospect of a wages agreement being arranged there is 
a possibility of some new tonnage being placed on the 
Clyde in the near future. Such a state of thi cannot 
come along too soon now that the winter is almost 
with us. Sectional material is also in poor request, 
although a fair amount is being consumed by structural 
engineers. In the black sheet trade the demand has 
not changed to any extent, and home buyers are not 
much in evidence. On export account there is. still 
quite a respectable amount of dealing in thin steel 
sheets. Prices all round are unchanged and are as 


follow :—Boiler plates, 12/. 10s. per ton; ship plates, 
9. per ton; sections, 8/. 15s. per ton; nad sheets, 


} in., 101. 58. per ton, all delivered Glasgow. 


Malleable Iron Trade.—The West of Scotland malleable 
iron makers are not doing very much at the present time, 
and not only is the local demand very poor but com- 
petition from the Continent is again a felt. Bae, 
export side of the business is likewise rather 
continue steady, with ‘‘ crown’”’ bar iron called” 108 ta l0e. 
per ton, delivered Glasgow. 


Scottish Pig-Iron Trade.—The shipments of Scottish 
pig-iron to America are still keeping up fairly well, 
but buyers on the other side are not passing 
quite so generously as they were. The present output 
is being freely disposed of, but with the increased pro- 
duetion there is a possibility of stocks ccoummaleling 
unless home trade improves in the near future. Prices 
are keeping firm and are as follow :—Hematite, 5/. 7s. 6d. 
per ton delivered at the steel works; foundry iron 
No. 1, 5l. 58, per ton, and No. 3, 5/. per ton. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Exports of coal as cargo from South 
Wales in September reached the highest level for any 
month of the past nine years. Shipments amounted to 
2,524,718 tons, which represents an export trade of 

30,300,000 tons annum as com with nearly 
30,000,000 tons in the record year of 1913. Of last 
month's shipments 747,513 tons went to North America, 
or over 29 per cent. of the total, which brings the total 
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for the past three months to 1,357,572 tons, as will be 
seeh from the following table of exports to the United 
States and Canada from South Wales :— 


United 
States. Canada. Total. 
Month Tons. ons. Tons. 
July... 25,653 12,258 37,911 
August inte 508,866 63,282 572,148 
September ... 638,291 109,222 747,513 
Total 1,172,810 184,762 1, 1,357, 572 


Exports, it will be observed, were greater to the United 
States and Canada in September than in any previous 
month. 
between the different ports as follows : 


United 
From States. Canada. Total. 
Cardiff 443,013 49,130 492,143 
Newport 139,832 r 139,832 
Swansea an 24,270 43,845 68,115 
Port Talbot 31,176 16,247 47,423 


Last week exports to Canada were greater than to the 
United States for the first time since shipments have been 
on a large scale to America from South Wales. Of the 
total of 84,048 tons in 14 cargoes, 7 cargoes of 41,025 — 
went to the States and 7 of 43,023 tons to Canada. 

till the end of last week 227 cargoes totalling 1,370, MA 
tons of Welsh coal have been despatched to. America, 
of which 184 cargoes of 1,183,104 tons went to the United 
States and 43 cargoes of 187,178 tons toCanada. During 
the past week a further 6 steamers of 16,091 tons net 
have been “ entered outwards,” which brings the total 
to date to 247 vessels of 736,601 net tons, or, about 
1,500,000 tons carrying capacity. 


Shipping Company Fails.—Another Cardiff shipping 
company is to be wound up. Shareholders in the Newton 
Shipping Company, Limited, at a recent extraordinary 

1 meeting passed the following resolution: ‘* That 
it has been proved to the satisfaction of the company, 
that the company cannot by reason of its liabilities, 
continue its business, and that it is advisable to wind up 
the same, and accordingly that the company be wound 
7 in accordance with the Companies’ Acts, 1908 to 

17, and that Mr. Perey Mountjoy, of Old Bank 
liquidator for’ the purpeess. of sash, wialing oR? a 
iq tor for purposes such w up.” In 
the report it was stated that the company’s trading 


from March, 1921, to September, 1922, showed a loss: 


- 4, ,1 704. “ This loss,”’ it was stated, “ was-unavoidable, 

ving regard to the lack of opportunity for profitable 
= sployment of the steamer (Newtonia, 650 tons dead- 
weight) during the period under review. The amount 
due to the company’s bankers is 15,0971. 2s. 3d., which 


considerably exceeds the value of the steamer. In 
consequence of the inability of the co oye d to meet the 
charges the bank took possession of the steamer.” 





British CHAMBER OF COMMERCE IN BeLotumM.—The 
second issue of the quarterly journal, dated September, 
ublished by this Chamber, has now come to hand. 
t contains, like the first number, noticed on page 14 
ante, useful information relating to trade with Sadan. 
Tables of cost of living in 21 countries from January, 
1921, to June, 1922, and financial tables, will prove 
useful for reference purposes. 





Mrintne anp Metatturey Awarps.—The Council of 
the Institution of Mining and Metallurgy have awarded 
their gold medal to Sir Alfred K » on the occasion of 
his retirement from the rectors of the Imperial 
College of Science and Sucieelogy, | in recognition of his 

great services in the advancement of eT ee 
Speention and as a mark of admiration and res 
The.Council of the Institution of Mining Engineers a 
awarded the medal of the Institution to Sir 
Beilby, in, recognition of his valuable contributions to 
science, with reference to his résearches on fuel. 
The medals will be presented at the combined dinner] ¥ 
of the two Institutions. to be held at the Guildhall-on 
November 16. 





Tue Rupce-Wairworts Researcn LABORATORIES.— 
Rudge-Whitworth, Limited, of Coventry, who 
were one of the first firms in this country to establish 


chemical and 1 laboratories for csi he gee 4 tons, a 
che sumniiiene eokioges’ which esieg tn euaeialg as 


manufacturing work, have recently issued an interesting | 55> 
little booklet dealing with this section of their works, 
The laboratories, we may mention, have just completed 
their twenty-first year of activity, and for the og 
of this period have been in the charge of Mr. H 
Heatheote. The booklet also illustrates and uvantben 
the various instruments and other inventions that have 
resulted from researches, made, in the first instance, for 
use in the testing and manufacture of the firm’s well- 
known products, viz., bicycles, motor wee ate: wire whose 
for motor cars, and ball The ins' 

inventions, some of which were described 


In September the shipments were distributed | and 
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NOTICES OF MEETINGS. 


Tae Braprorp Enermerrine Socrery:—Monday, 
October 16, at 7.30 p.m., in the Hall of the Bradford 
Technical College, Great Horton-road, Bradford. Lecture 
by Mr. H. A. D. Acland, A.M.Inst.C-E., on “ The ‘ Still’ 
System of Internal-Combustion Engine.” 


Tue InstrrurTe oF TRANSPORT.—Tuesday, October 17, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Victoria Embankment, W.C. 2. Immediately following 
the Further Extraordinary General Meeting. First 
1 duates and students, entitled ‘“‘ The Effect 
ments and Working Costs of Daily 
eriodic Variation in Passenger Loads 
and Unbalanced Traffic Movement,” will be delivered 
by Mr. C. J. Selway, C.B.E. 


Tue Institute or Puysics.—Wednesday, October 18, 
at 6 p-m., in the Hall of the Institution of Electrical 
Victoria Embankment, W.C, 2. Lectures 

“Physics in Industry.” No. 3, “ The Physicist in 
Eleotrical Engineering,” by Mr. Clifford ©. Paterson, 
0.B.E., F.Inst.P. 





Tae Socrery or Giass TroHNoLoGy.—Wednesday, 
October 18, at 3 p.m., in the y. the, Anderson Hall, 
he Museum, York. 


Yorkshire Philosophical scone d) 
Papers to be reed and discussed odern Develop- 
shonte in the Making of Stained ‘and Painted Glass,” 
by Mr. Harry J. ‘Powell, C.B.E., B.A.; “ Processes 
and Methods of Medieval Glass Painters,” by Mr. John A. 
Knowles. Visit to York Minster. 


Tue Royat Axronavuticat Socrery. Thursday, 
October 19, at 5.30 p.m., at the Royal United Service 


Institution, Whi =. ae. » “The Metal 
Construction of Aeroplanes,” by Mr, J. D. North. 
Tue Instrrution or Locomotive ENGINEERS 


(Lonpon), MANCHESTER CenTRE.—Thursday, October 19, 


at 6.30 p.m., at the College of Techno » Sackville- 
street, Manchester, Presidential Address, y Mr. R. H. 
Whitelegg. 


NorTHAMPTON Rrentniness Contece ENGINEERING 
Socrety.—Thursday, October 19, a pom.,; when the 
a, Dr, R. M. Walmsley, will deliver his inaugural 

ress. 


Tae Iwnstrrvution or Propvotion Enoineitas.—- 
Friday, October 20, at 7.30 p.m., at the al Auto- 
mobile Club, Pall Mall, 8.W.1. Annual Meéting. 
Presidential Address by Mr. Max R. Lawrence. 


Tse InstrruTION oF MECHANICAL ENGINEERS. — - 
Friday, October 20, at 6 p.m., at the Institution, Store 
Gate, St. James’s Park, 8.W. Presidential Address iy 
Dr. H. 8. Hele-Shaw, F.R.S. 


Tae Junior InsriruTion oF Enornerrs.—Friday, 
October 20, at 7.30 p.m,, at 39, Victoria-street, West- 
— Lecturette, “‘ Profits and Waste Produets,’’ 

Mr. G. H. Ayres, M.I.E.E., A.M.I.Mech.E. (Member). 
8 ides and exhibits. 


THe Instirurion oF MECHANICAL ENGINEERS : 
Grapvuates Section, Lonpon.—-Monday, October 23, 
at 7 p.m., at the Institution, Storey’s Gate. ‘ Some 
Factors in the Design of Steam Locomotives,” by 
Mr. R. D. Gauld, M.Eng., of Liverpool, Graduate. 
Chairman, Lieutenant-Colonel E. Kitson Clark, Member 
of Council. 





University oF Lonpon, UNiversiry CoLLEGr.— 
A public lecture will be delivered on Thursday, Novem- 
ber 2, at 5.30 p.m., on “ Recent Photo- Elasticity Re- 
searches in Engineering Problems” (illustrated with 
experiments) by Professor E. G. Coker, F.R.8. The 
lectures are.open to the public without fee or ticket. 





British Street anp Pic-Iron Propvuction.—The 
National Federation of Iron and Steel Manufacturers 
has issued tables showing that the uction of pig-iron 
in September amounted to 430, tons or 18,600 tons 
cone than >) aged and the highest figure attained since 

» 1921, when production amounted to 463,600 

a uction is still, however, only 64 per cent. 

of the average monthly production in 1920 and 50 per 

cent. of the average monthly production in 1913. The 

furnaces in blast at the end of the month numbered 

139, or 13 more than at the end of August. The pro- 

duction of steel ingots and castings amounted to 555,900 

higher than in any ious month since 

Deowssbort 1920, when it was 746, tons; this repre- 

ts 73 cent. of the average ev crane Hane over in 

87 per cent. of the average monthly production 

in 9 1913, or about 50 per cent. of the steel-making capacity 
of the country. 





Famke or Centre Suots in BiastinG.—When large 
groups of cartridges electrically-coupled in series are 
simultaneously, some shots occasionally miss, 

and those = shote will generally be found in 
she em ome = up. Inv these failures 
of ha nited States of Mines by 

fied nll Inboratory tote L. C, Isley and A. B. Hooker 


of our 111th L-good are, however, now ot ona 8 allj observed that the failures occurred particularly where 
who wish to utilise them. and. prices and full partioular eatah ses eek, The detonators near the positive 
pod, en in the booklet. Included : end will fire normally because the little | that 
ing compounds, a re form | Mee optical has taken place has not weakened the current y: 
pyrometer, hardnoes an instrument for| those near the negative end ° enough 
Se eee current has returned to the circuit. The middle detona- 
a for rendering iron and s articles | tors, however, miss fire because the current ig not 
rust The booklet is well printed and illus-| sufficiently to explode them before the end 
anh wie have mo Geek Sal Maemo detonators have ot Sn ae 
Whitworth, Limited, will be pleased to forward +In Serial No, 2,384, Reports of Investigations of 


of it to any persons interested in the application of 
science to industry and commerce, 


of Mines, recommendations are made as, bd the 





arrangement of the circuits to obviate this, 
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Journal and any other publications bearing 
somewhat similar titles. 
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Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 

TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week's issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, altera- 
tions for standing advertisements should be 
received on the Friday previous to the day 
of publication. 


All accounts are payable to ENGINEERING LTD. 
Cheques should be crossed ‘The National Provincial 
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Branch.” Post-Office Orders should be made payable 
at Bedford Street, Strand, W.C. 2. 
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BOILER TESTS AND ACTUAL 
PERFORMANCES. 


ONE may say with confidence that there is no 
piece of engineering apparatus whose everyday 
working performance compares so unfavourably 
with the figures obtainable under test, as is the 
case with the steam boiler. Turbines, dynamos, 
pumps, &c., can be relied on to maintain their 
original test efficiency for long periods, or at any 
rate to deteriorate in efficiency so slowly, that their 
working performances are fairly comparable with 
the guarantees of the makers. With boilers, how- 
ever, matters are very different. Mr. David Brownlie 
has asserted as a result of tests on many hundreds 
of boiler plants, that the average working efficiency 
of steam boilers in this country is well below 60 per 
cent., and this statement has never been seriously 
chalienged. No one, indeed, who had given any 
attention to the way in which most plants are 
Now it is 
very certain that the efficiency of the same boilers, 
as guaranteed by the makers would be on the average 
something like 80 per cent., and there is no reason to 
doubt that the guaranteed figures were, or could 
have been obtained, when the plants were put down. 
Nobody would be bold enough to suggest that all 
the steam turbines in the country were taking on an 
average 20 per cent. more steam per kilowatt-hour 
under working conditions than the makers had 
guaranteed, or that all the pumps in the country 
were operating with an equal loss of efficiency, yet 
a corresponding statement with regard to boilers is 
accepted with composure. The reason for this 
acquiescence is not far to seek. If a turbine or 
pump gives a poor return for the energy supplied 
to it the owner calls the maker to account because 
the efficiency of such articles is mainly conditioned 
by their design and manufacture, and will be sub- 
stantially the same whoever operates them. With 
a boiler plant, on the other hand, the working 
efficiency is almost entirely a matter of operation, 
and the owner, having nobody but himself to blame 
for bad results, endures them with complacence. 

The question of why the test results of boilers 





were not obtained in everyday operation formed the 
basis of a discussion at a meeting of the Electrical 
Power Engineers Association last Friday evening, 
The subject was introduced by a paper entitled 
“ Boiler Efficiency under Test and Working Con- 
ditions,” by Mr. David Wilson, C.B.E., which was 
read by Mr. Samuel in the unfortunate absence of 
the author on account of illness. Probably no 
audience could be obtained in London who were 
better fitted to discuss boiler operation from the 
practical point of view, for among the members 
present were many men in responsible charge of 
important and well-managed installations. The 
discussion, therefore, took a practical furn, which 
was in keeping with the nature of Mr. Wilson’s 
paper. The author did not waste the time of the 
meeting with platitudinous counsels of perfection 
with regard to boiler-house management. The 
substance of his paper was a heat balance which 
was suggested as typical of a modern steam boiler 
under test conditions. Criticism of the figures given 
for the various items was invited, and the opinion 
of the members was asked as to why the figure 
suggested for each item of loss could not be adhered 
to in everyday working. Mr. Wilson stated, from 
his own experience that in a modern boiler plant, 
using coal of a calorific value of 13,000 B.Th.U. 
per pound, 85 per cent. of the heat of the coal could 
be transferred to the water in the boiler and econo- 
miser. The chimney losses would be 9 per cent., 
the losses by ash and clinker 1 per cent., and the 
radiation losses 4 per cent., leaving 1 per cent, 
unaccounted for.. A similar plant, using coal of 
10,000 B.Th.U. per pound, would transmit 79 per 
cent. of the heat to the water, 10 per cent. would 
go up the chimney, the ash and clinker would 
account for 6 per cent., and the radiation and 
unaccounted-for losses would be as before. In 


~|each case the final flue-gas temperature would be 


380 deg. F. 

In discussing the differences between test con- 
ditions and ordinary running conditions Mr. Wilson 
took the line that the small army of observers in 
the former case could have no effect on the boiler 
performance because their function was merely to 
read instruments every few minutes, and not to 
interfere with or adjust anything. We doubt 
whether this contention can be maintained. An 
automatic CO, recorder cannot adjust anything 
either, but there is no doubt that its presence 
enables the grates to be worked vastly better than 
could be done without it, and a human recorder 
is much more effective. Indeed, a single observer 
appearing only at intervals in the boiler room 

a remarkable effect upon operating efficiency, 
if he happens to be the chief of the station. Although 
not quite agreeing with Mr. Wilson with regard 
to the effect of continuous observation, we are glad 
to find ourselves in accordance with him on a much 
more important matter, for he did a great deal to 
destroy a persistent fallacy in connection with 
boiler operation. A boiler test is always run as 
far as possible under a perfectly steady. load, and it 
is frequently contended that the same efficiency 
cannot be obtained under the variable loads which 
occur in power station practice. Mr. Wilson refuted 
this on the grounds. that experience shows that the 
test efficiency of a boiler at quarter or half load 
is quite as good as at full load, so that the load 
factor of the plant cannot affect its efficiency. 
This fact is also confirmed by the results of ordinary 
operation. In our recent analysis of the operating 
results of the large Dalmarnock station we showed 
that the total quantity of water evaporated by the 
whole plant on any shift could be represented by 
the equation W = 6-722 © — 34,440, in which C 
is the number of pounds of coal burnt on that shift. 
If, for example, 2,000,000 lb. of water are evaporated 
on a shift, the equation shows that 302,654 lb: of 
coal will be burnt, thus giving an evaporation of 
6-608 Ib. of water per pound of coal. This will 
be the case whether the evaporation is steady or 
whether it varies in any way. It follows necessarily, 
indeed, from the linear-nature of the equation, that 
the efficiency of the boiler plant taken over the 
whole shift is unaffected by the rate at which the 
given quantity of water is evaporated. 

Mr. Wilson gave reasons supporting his figures for 
the losses by ashes, radiation, &c., and concluded 
that with good coal an efficiency of 85 per cent. 
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ought to be obtained on test, and 80 per cent. ought 
to be maintained in ordinary practice. It was 
stated that one London station did, in fact, maintain 
an 80 per cent. working efficiency, but unfortunately 
the name of the plant where so meritorious a per- 
formance is recorded did not transpire. We wish 
that such a performance was typical. Of the 70 
power stations within the London area, we think it is 
doubtful whether there are a dozen equipped with 
any adequate means of knowing how much water 
they are evaporating per pound of coal, and without 
such equipment all figures of efficiency are little 
more than guesswork. A vast amount of money 
is spent on apparatus such as CO, recorders, pyro- 
meters, draught gauges, &c., with the idea of getting 
more efficient operation, and yet the fundamental 
measurements of coal and water are neglected. 
The object of a boiler plant is not to make a lot 
of CO, with the minimum fiue temperature but to 
make the required amount of steam with the mini- 
mum of coal. Direct measurements of the coal and 
water are therefore of vastly more importance than 
the knowledge of factors which are only indirectly 
connected with what the power station engineer is 
trying to do. 

The real solution to the problem of efficient boiler 
operation is that the plant should always be run under 
the conditions of a simple continuous test. Sporadic 
tests of one or more boilers may furnish a lot of 
interesting information, and may be advisable in 
certain cases, but in general it is questionable 
whether they are worth the money spent on them. 
A boiler might show an efficiency of 85 per cent. on 
test, and yet the very next shift, although clean 
and with the setting in perfect condition, it might 
be so operated that the efficiency was below 60 per 
cent. When such a result is possible, it is clear 
that the owner of a plant does very little to protect 
his interests by having occasional elaborate tests 
carried out on his boilers. If, on the other hand, 
he provides means for determining the coal used and 
the water evaporated per shift, he can then have 
in his hands day by day simple figures which can 
only be good if the settings are airtight, the boilers 
clean inside and out, the CO, high, the flue tempera- 
ture low, and the whole plant properly operated. 
His engineers, moreover, will have a standard to 
work to and a knowledge of how their daily per- 
formances compare with the standard. Pyrometers, 
CO, recorders, &c., are then invaluable agents for 
corrécting amd improving conditions, instead of 
being merely troublesome toys whose indications 
are not correlated with the vital facts. When, 
during the war there was an acute coal shortage 
in the United States, we believe that the Coal 
Controller gave preference of supply to those plants 
in which coal scales and water meters were in use, 
thus acting on the sensible assumption that coal 
was used most economically by people who knew 
what return in steam they were getting for every 
pound of coal burnt. This knowledge, indeed, 
transcends in importance every other record in a 
boiler-house, for, if the evaporation figure is satis- 
factory, every detail of maintenance and operation 
must also be satisfactory. Furthermore, with a 
knowledge of the calorific value of the coal used, 
the engineer can compute his efficiency figure shift 
by shift and tell at once if his results are falling short 
of what they should be. 





THE NEWCOMEN SOCIETY. 

THE appearance of the first volume of the Trans- 
actions of the Newcomen Society is a fitting occasion 
for offering our hearty congratulations to those 
who have inaugurated the society and carried out 
a preliminary programme at once interesting and 
full of future promise. The main purpose of the 
society is to promote the systematic study of the 
history of invention, and we commend its objects to 
all those to whom the development and growth of 
industrial science appeals. When it is known that 
adequate machinery exists for encouraging inquiries 
into the earliest efforts and experiments in mechani- 
cal construction, we confidently anticipate a great 
increase in the membership, and consequently in 
the value and extent, of the work. To trace the 
means by which the pioneers in any one direction 
were led to accomplish a particular object, to learn 
how they overcome the initial difficulties and were 





able to open up a road for further improvements 
whose continual accretions have influenced the ages, 
should appeal to all who have profited by the noble 
legacy that the masters of the craft have bequeathed 
to us by their example and their achievement. 
The keenness and flair of the archeologist is here 
seen associated with the skilled training of the 
engineer, and the work should prove equally 
attractive. Just as in one case, the accumulations 
of succeeding ages have destroyed the traces of early 
civilisation, so the rapid succession of new inven- 
tions and the modifications of old, have heaped up 
a quantity of material that tends to diminish our 
appreciation of the labours of the past. The task 
of delving into the history of invention has been 
made more difficult, but also more necessary by the 
lapse of time. We have been careless and un- 
mindful of much that was valuable. Absorbed in 
the present, and confident of the future, we have 
neglected the memories and methods of those who 
have raised the ladders by which we have reached 
and maintain our pre-eminence. We welcome this 
well-designed attempt to break through the lethargy 
and indifference in which we have too long indulged. 

In reviewing the work of the society in his presi- 
dential address at Birmingham last year,* Mr. Arthur 
Titley made very clear the nature of the machinery 
that the society has at its disposal. Mutual 
assistance and encouragement are relied upon for 
the prosecution of the historical work, that has 
hitherto been carried on mainly by individuals, who 
have experienced great difficulty in collecting the 
information needed, and are further handicapped 
by the absence of a sympathetic audience, and a 
suitable medium for the publication of their results. 
The association will enormously enlarge the area 
of research. Investigations are often limited in 
extent and partial in their character owing to 
fixity of residence and occupation. The members 
being widely scattered can glean information in 
remote quarters and place it at the command of 
the original enquirer. It is sincerely to be hoped 
that the advantages of a wide geographic distribu- 
tion will be increased by the incorporation of foreign 
members, and we believe some such step is con- 
templated by the council. Incursions of foreigners, 
due to political or religious movements, have laid 
the foundations of new industries in this country, 
modified old procedure, stimulated enterprise and 
encouraged healthy competition. Inquiries into 
the influence exercised by these foreigners, trained 
in other workshops and led by other traditions, lie 
directly in the line of the society’s programme. 
Science knows no geographical or political boundaries 
and to neglect the effects of Continental experience 
and culture would not only distort the picture but 
encourage provincialism. 

The president alluded pertinently to the develop- 
ment of handicrafts as worthy of exploration, and 
intimately connected with such investigations is 
the growth of guilds, which to some extent exotic 
in this country, operated vigorously on the Continent 
where they permeated the whole system of manual 
labour. Biography, too, is another subject on 
which the president commented. To exclude 
foreigners and foreign assistance from the scope of 
such enquiries would be to deprive ourselves of a 
most valuable source of information, but the real 
reason for inviting or accepting outside aid is to 
broaden the foundations on which the society is 
built, and to create fresh centres of operation. 

Of the several topics discussed at the meetings 
we can do little more than give the titles of the 
papers, which may indicate the activities of the 
authors, but can convey only a very imperfect 
notion of the industry exhibited in exploiting 
sources of information, or of the satisfaction that 
follows successful exploration. Mr. Hulme described 
the literature of historical engineering prior to 
1640, incidentally demonstrating the need for re- 
search outside the narrow limits of technical litera- 
ture. He suggested that the Society should collect 
and publish periodically “ references to the current 
literature of the subject germane to it, with a view 
of widening the interests of its members and of 
enhancing the utility of the papers contributed to 
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it.” The subject of the rise and fall of the Sussex 
iron industry occupies two papers from Mr. Rhys. 
Jenkins. The history of a great industry that saw 
the birth of blast furnaces in England, and con- 
tinued to operate till about a century ago, is not 
to be dismissed in a few pages. It is to be hoped that 
Mr. Jenkins’ paper will whet the curiosity of some 
enthusiast, and induce him to elaborate particular 
points that are now left obscure. The cause of 
decay of the industry appears to be as doubtful 
as its rise, though several centuries separate the 
events. The plausible assertion has been accepted, 
without any serious attempts to test its validity 
or sufficiency, that the decline was brought about 
by the proved superiority of mineral fuel for smelt- 
ing. Mr. Jenkins gives very cogent reasons for 
mistrusting this glib assurance. He shows that 
the Wealden iron trade had sunk to small dimen- 
sions before coke became a serious competitor 
with charcoal in iron making. Mr. Jenkins suggests 
that a more probable cause of decline is to be 
found in the less abundant supply of water to the 
Weald district than to the Western counties, as 
in Shropshire. Water power was needed for work- 
ing both bellows and hammers, and the frequent 
scarcity of water not only compelled the Sussex 
ironmaster to keep his works idle several months 
in the year, but prevented him increasing the size 
of his bellows and furnace. Continental competi- 
tion was severe in the neighbourhood of London ; 
the cost of labour was higher than abroad, and the 
means of transport were wanting or inefficient. 
There is evidence in this paper that some of the 
links in the chain of evidence that would have 
explained the action or inaction of the ironmasters 
are lost to us by the lapse of time, and the want of 
early and adequate research. 

Mr. Pendred kindly stirs for us once again the 
ashes from the fire that has raged round “ The 
Mystery of Trevithick’s London Locomotives.” 
It is a tale as amusing as it is perplexing. We are 
faced, says the author, with the extraordinary 
fact that an engine, which from the alleged portrait 
has excited the admiration of engineers for the last 
fifty years, was practically unknown to those of its 
day, and is unrecorded in the early histories of the 
steam engine. Apparently, there were two engines 
—one road and one railway—and yet no mention 
concerning the performance of either is found in 
the news-sheets and current literature of the period. 
One Trevithick engine is stated to have travelled 
repeatedly round a circular track purposely con- 
structed in some fields where Euston-square now 
stands, thousands of persons are reported to have 
paid for admission to watch the performance of 
the steam horse, an extant print by Rowlandson 
attests the event, and yet no contemporary evidence 
can be found that lends support to the statement. 
The author brings his technical knowledge to bear 
on the question, and calculates that from the heat- 
ing surface available, and the size of the boiler, 
Trevithick could not count on more than 2 h.p. 
at the engine, a force utterly inadequate to accom- 
plish what is reported. The problem is as interest- 
ing on its social as on its engineering side, and is 
precisely of that character which the Society is 
fitted to clear up. Mr. Pendred, while paying the 
fullest respect to the capacity and ingenuity of the 
inventor of the double-acting high-pressure engine, 
is compelled to admit that so far from clearing up 
the mystery he leaves it in greater doubt than ever. 
The last paper is contributed by Mr. Seymour Jones, 
who deals with the invention of “ roller-spinning,” 
and adds new and authoritative details to the con- 
troversy that has centred round the respective 
claims of Paul and Wyatt (1738) and of Richard 
Arkwright (1769), to whom no one disputes the merit 
of achieving successful commercial operation. We 
entirely agree with the President of the Society 
in his expressed opinion, that the author “has 
given an excellent example of what the Society 
can do in the elucidation of an obscure piece of 
industrial history.” 





LOCOMOTIVE CONNECTING-ROD 
FAILURES. 
Accorpine to Lieutenant-Colonel A. Mount, 
of the Ministry of Transport, there have been 
reported during the first six months of this year no 
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less than 14 connecting rod failures on our railways, 
on engines working passenger trains. In each of 
the two previous years the figure was 19. In the 
cases occurring this year there were four instances 
in which a part of the broken rod was driven through 
the fire-box or into the boiler barrel, while in the 
two previous years there was only one such case. 
The clearances are so small in a locomotive that it 
is rather surprising that in inside cylinder engines 
penetration of the boiler or fire-box has not been 
more frequent. 

The figures we have quoted, which cannot be 
regarded as satisfactory, are from Colonel Mount’s 
report on the connecting rod failure on the London 
and North-Western Railway, at Cheadle Hulme 
on April 28. Before dealing with this case, in 
view of the above figures we may state that of the 
38 failures in 1920 and 1921 only one was reported 
from the old London and North-Western Railway. 
Some 1879 engines on this system have been fitted 
in the last forty years with Joy’s valve gear, which; 
as is well known, is driven by a link working off 
the connecting rod. Of these engines, 1,400 have 
been fitted with rods of nickel steel, 3 per cent. 
being the proportion of the alloy, and it appears 
from records that the bending of rods off which the 
drive for the Joy gear is taken, is not by any means 
infrequent. Colonel Mount gives total figures for 
this system for the twelve months ending June 20, 
1922. In this period 4 rods were broken and 46 
bent in service. Of these 42 cases occurred on Joy 
valve gear engines, and of the 8 exceptions 7 had 
mild steel rods, Of the 42 Joy gear cases 38 were 
failures of nickel steel rods. 

The report on the Cheadle Hulme case investigates 
as well another case of rod failure at Furness Vale, 
on May 5. The two cases are not altogether cleared 
up, but the investigation has undoubtedly brought 
out the inherent weakness of some designs of Joy 
connecting rods, and has emphasised the necessity 
for great care in the treatment of nickel steel rods. 
In the second case the failure is almost certainly 
traceable to the existence of a large flaw in the rod 
at the jack link pin hole. Colonel Mount and 
Mr. J. P. Main, who assisted in the investigation, 
record it as their opinion that this flaw extended 
through the rod as a result of the unsatisfactory 
condition of the metal, possibly due to local heating. 
There was, however, no evidence at the inquiry 
of any local work having been done on the rod. 
The steel gave good test results, but the structure 
revealed parts which were hard and brittle. 

The Cheadle Hulme case is complicated by a 
conflict of opinion of officials as to which part of 
the engine failed first. On the one hand it was 
considered that the reversing lever or some part 
immediately connected with it failed,.and that the 
guides thereupon turned turtle. On the other hand, 
the Inspector considers the connecting rod failed 
through bending, and subsequent fracture due to 
contact with the motion plate. The evidence on 
which each theory is built up consists of rather 
minute detail, the relative value of which can clearly 
only be appraised after actual examination of the 
parts destroyed. It appears to be a contentious 
point as to whether or not a flaw existed in the rod, 
at the point of fracture. Colonel Mount inclines 
to the view that there was. This rod it is to be 
noticed broke at a point between the jack link 
pin hole and the small end. The examination of the 
fracture revealed, if the flaw theory be discarded, 
at least irregular texture with local brittleness. 
The steel gave good tensile test results. 

Lieutenant Colonel Mount propounds the theory 
that the rod was first bent as a result of water in 
the cylinder, and that failure occurred through 
subsequent contact with the motion plate. The 
engine, it is to be noted, however, is of the super- 
heater type. It was travelling at 60 m.p.h. at the 
time of the accident, and had left Crewe 28 minutes 
before the failure, which occurred just after the 
regulator had been closed on the driver approaching 
Cheadle Hulme. It is hardly believable that these 
are conditions under which much water would get to 
the cylinders. The regulator shut, the engine using 
superheat, which was probably high at the time, 
and the whole, of course, thoroughly warmed up as 
the result of nearly half an hour’s working—these 
do not appear to confirm the idea of water in the 





cylinder being the cause of the failure, although 
the cylinder cover was broken and the piston dis- 
placed on the rod. Nor was any evidence adduced 
as to previous priming. This theory is therefore 
difficult to accept, though we may agree that the evi- 
dence points to the rod failing in the first instance. 

In the investigation it was brought out that the 
broken rod showed scaling and hammer marks which 
were not satisfactorily accounted for, while exami- 
nation revealed the presence in the surface layers 
of the metal, of sulphur, which might have been 
absorbed from a smith’s fire. It is particularly to 
be noticed, however, that sheds are prohibited 
from doing any work whatever on these nickel 
steel rods, and that if any such is needed all rods 
have to be sent to Crewe where they are properly 
attended to. Unfortunately, this does not appear 
to be quite a complete check as all rods are sup- 
posed to be cleaned up, whereas in this case scaling 
had been left on. The case seems to point to the 
need of extreme care in arranging for systematic 
procedure in connection with such parts, careful 
inspection, and all possible safeguards against the 
abuse of the alloy steel. 





THE SHIPBUILDING INDUSTRY. 
Tue decline in the shipbuilding industry of the 
United Kingdom which has been recorded in these 
columns at intervals during the last eighteen months 
has continued during the quarter just concluded, 
but there are now some slight grounds for hoping 


that the lowest depth of depression has been|4% 


reached. The tonnage now classed as under con- 
struction, however, is less than half that building 
a year ago, and only some 42 per cent. of the tonnage 
in hand at the end of March of last year. According 
to the returns for the September quarter just issued 
by Lloyd’s Register, the merchant vessels under 
construction in this country number 331 and have an 
aggregate gross tonnage of 1,617,045, the latter 
figure being some 302,000 tons lower than that for 
the end of the June quarter. Moreover, as has been 
the case for some time past, work is suspended on a 
considerable tonnage which is classed as under 
construction since it is still in the shipbuilders’ hands. 
This tonnage now amounts to about 419,000 and 
reduces the tonnage on which work is actually 
proceeding to about 1,198,000. The latter figure, 
it may be pointed out, is about 37 per cent. lower 
than the average for the twelve months immediately 
preceding the outbreak of war. For that period 
the average tonnage under construction was 
1,890,000, or 692,000 tons higher than the tonnage 
on which work is now in progress. 

In this connection, however, it is satisfactory to 
note that the tonnage on which work has been 
suspended is now Jess than the corresponding figure 
for the June quarter, which was 481,000 tons. 
Work has therefore been resumed on some 62,000 
tons of shipping during the quarter, a fact which may 
be taken to indicate that shipowners regard the 
future with greater confidence. There is also some 
increase in the tonnage commenced during the 
September quarter, which is higher than has been 
recorded since the first quarter of last year, and 
this may perhaps be regarded as a further sign of 
impending improvement. The tonnage commenced 
during the quarter just concluded was 82,428, as 
compared with 38,877 tons in the June quarter and 
with 51,343 tons a year ago. The tonnage launched 
during the September quarter of this year, viz., 
307,232, is also more than double that for the 
preceding quarter, which was 148,886 tons, and 
practically the same as the figure for the September 
quarter of 1921. 

Of the vessels now classed as under construction, 
298, making 1,488,898 tons, are steamers; 27, of 
126,437 tons in the aggregate, are motor vessels, 
and the remainder are sailing ships accounting for 
only 1,710 tons together. The steamers include 
30 exceeding 10,000 tons each, and 5 of these are 
of over 20,000 tons each. Of the motor ships 
building 4 are between 4,000 tons and 5,000 tons, 
5 between 5,000 tons and 6,000 tons, 7 between 
6,000 tons and 8,000 tons and 3 between 8,000 tons 
and 10,000 tons. Nearly a quarter of the tonnage 
now in hand in this country is intended for foreign 
owners, and of this quantity 121,200 tons are for 
Holland and 78,450 tons for France. The tanker 





tonnage building here amounts to about 19 per cent. 
of the total, there being 47 vessels of this class, with 
an aggregate tonnage of 306,971, in hand in British 
yards. 

Owing to the magnitude of our shipbuilding 
industry the present depression is, of course, of 
greater consequence to us than to any other nation, 
but, relatively, conditions abroad seem to be very 
similar to those existing here. Shipbuilding work 
has declined in practically every country of the 
world during the past quarter, the total tonnage 
under construction in foreign yards having fallen 
by 17} per cent. from 1,315,926 tons at the end of 
June last, to 1,085,511 tons on September 30. 
These figures, however, are exclusive of Germany 
and Danzig, for which exact data are not available. 
It is estimated that some 350,000 tons of merchant 
shipping are now under construction in Germany, 
as compared with 500,000 tons at the end of the 
June quarter, while the corresponding figures for 
Danzig are 40,000 tons at the present time and 
45,000 tons at the end of June. 

Of the total tonnage building abroad work has 
been suspended on some 256,000 tons (about 234 
per cent.), Italy being the country most affected by 
the stoppage of work. In that country the vessels 
classed as under construction now number 69 and 
have a total tonnage of 210,114, as compared with 
88 vessels making 285,671 tons in hand three months 

In France, the shipbuilding work in hand has 
fallen from 243,290 tons to 197,065 tons during the 
uarter, and the corresponding figures for Holland 
are 226,318 tons at the end of June and 177,024 
tons at the present time. The shipbuilding industry 
in the United States has now fallen to about the 
same position as it occupied in pre-war times, 
the tonnage under construction there being, in 
fact, rather less than in June, 1914. The present 
tonnage in hand in that country amounts to 147,056, 
whereas the pre-war figure was about 148,500 tons. 
The decline during the September quarter has been 
from 150,623 tons to the above-mentioned figure, 
whereas in March, 1919, the United States was 
building over 4,000,000 tons of merchant shipping ; 
needless to say the change is quite unparalleled in 
the history of the world’s shipbuilding industry. 

Japan follows the United States in order of 
tonnage building, the present figure for the former 
being 96,897, as compared with 115,512 tons in 
hand at the end of June. For Spain the figures for 
June and September, respectively, are 52,407 tons 
and 50,917 tons, while those for Sweden are 40,475 
tons and 45,746 tons, Sweden, it is interesting to 
note, is the only country in which the tonnage 
building has increased during the quarter, and 
another noteworthy feature is that the increase is 
mainly in motor ships. The current figures for 
Norway, the British Dominions and Denmark are 
44,506 tons, 40,555 tons and 39,930 tons respectively, 
all of which are considerably less than those for 
the previous quarter. 

Of the total tonnage building abroad, 950,279 
tons are steamers, 115,185 tons motor vessels, 
and 20,047 tons sailing ships. Including the 
figures previously given for the United Kingdom, 
the proportions of the three classes of tonnage 
building in the whole world are approximately 
90 per cent., 9 per cent. and 1 per cent., respectively, 
but it should be pointed out in this connection that 
since the tonnage building in Germany and Danzig 
cannot be classified, the estimates mentioned above 
for those places have not been included in deter- 
mining the proportion of each class. The tanker 
tonnage building abroad is only 84,274, but with the 
tonnage of this class of vessel in hand in British 
yards, it appears that vessels for the oil-carrying 
trade constitute nearly 15 per cent. of the merchant 
tonnage now under construction in the whole world. 

In conclusion, it is perhaps hardly necessary 
to point out that the main cause of the present 
depression in the shipbuilding industry is the fact 
that the existing tonnage is already considerably in 
excess of present trade requirements, and that this 
condition is largely accounted for by the extensive 
building of merchant tonnage in the United States 
during and immediately after the war. Moreover, 
the demand for tonnage during the war was such 
that many vessels, which in normal conditions would 
have been regarded as obsolete, were retained in 
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service, and @ considerable: proportion of them is 
still in existence, as will be gathered from an article 
on page 403 ante dealing with the efficiencies of mer- 
chant fleets. The process of weeding out the obsoles~ 
cent vessels is proceeding, but when it has been 
completed and international trading has been re- 
established on a basis more nearly resembling that 
of pre-war times it is not unreasonable to anticipate 
a considerable revival in the shipbuilding industry. 





INDUSTRIAL ADMINISTRATION. 

Iy using words it is always useful to know what. 
they mean, and difficulties frequently arise owing 
to the fact that different people apply different 
meanings to the most ordinary terms. _ It is indeed 
safe to say that a substantial proportion of the 
arguments and disputes which are a feature of 
everyday life owe their origin to misunderstandings 
about the meanings attached to words, and not to 
differences of opinion about things at all. The 
subject of this note forms a good example of a word, 
or expression, which different people may interpret 
in different ways. Were a number of people to be 
asked if one of the great business men of this 
country, controlling perhaps factories employing 
thousands of hands, was an industrial adminis- 
trator, the majority would probably say he was. 
The Institute of Industrial Administration, as 
interpreted by their President, Captain H. Riall 
Sankey, would, however, say he was not. We 
have no objection to raise to this. Industrial 
administration is a vague term, and the first useful 
business which the Institute can do is to state 
definitely what their name means and what ground 
they cover. 

Captain Sankey in his Presidential address which 
he delivered on the 10th inst., explained fairly 
definitely the type of activity which came within 
the sphere of the Institute. He divided the 
personelle of industry into four classes—owners, 
administrators, technical workers and manual 
workers. The Institute of Industrial Administra- 
tion is concerned with the second of these. It will 
be noted that technical workers are not admini- 
strators, but this must not be interpreted to mean 
that a technical worker may not at the same time 
be an administrator. As we understand it, a chief 
draughtsman, in as far as he is a chief, may be an 
administrator, but the draughtsman part of him is 
technical and not administrative. Similarly, an 
owner in as far as he performs administrative 
functions may be allowed to be partly an admini- 
strator. This is all fairly clear as a matter of 
definition, and Captain Sankey has done useful 
work in clearing the ground, but the application of 
the definition to practice would appear likely to 
present difficulties. There are no doubt certain 
common factors in all administration as defined 
above, but how in any particular case they are to 
be kept clear from the technical factors which in 
practical life intermingle with them is not very 
evident. 

It appears that among other activities the Insti- 
tute is to hold examinations, the results of which 
are to indicate the administrative capacity of the 
candidates. The examinations are to be divided 
into eight groups of subjects, of which the first 
group covers design, specifications and inspection, 
and the second factory planning and plant manage- 
ment. Considering the second for a moment it is 
difficult to see how the technical side of plant 
management can be divorced from the administra- 
tive side, or how for instance anyone can be 
examined in the administrative side of the manage- 
ment of a beet-sugar plant without reference to 
the manufacture of beet-sugay. We are not in 
any way attempting to confuse the issue by this 
introduction of beet-sugar. All plants are intended 
to make something, or do something, and the some- 
thing is of necessity inextricably concerned with 
their administration. Similarly, how factory plan- 
ning can be considered with no reference to whether 
the factory is to dry vegetables or make armour 
plate we find it difficult to see. 

Apparently this examination scheme of the 
Institute of Industrial Administration has not yet 
been fully worked out, so it may be that these 
subject headings which we have quoted from the 
President's address may be modified before the 





details of the scheme are published. The difficulty 
of isolating administrative from technical activities 
will not, however, be got over by any form of words. 
As we have said above, there. are no doubt. certain. 
common factors in all administration, and with these 


an institution may no doubt profitably concern itself, 


The field covered is a difficult one to focus, however, 
and we trust the Institute will follow its new 
President in formulating strict. definitions of the 
terms it uses, and will not. encourage, traffic in 
‘efficiency engineering,” “ functional manage- 
ment” and similar nebulous catch phrases with 
which the subject of management.and administration 
in general has in the past been overlayed. 








NOTES. 


Om Fur. at Spa. 


In a communication to the Institute of Marine 
Engineers, read on Tuesday last, Mr. H. S. Sketch 
enlarged on the difficulties experienced in starting- 
up, from the cold, boilers operated with oil fuel. 
The usual plan, he stated, is to use a hand pump 
to supply the oil to the burners. On its way to 
these the oil is passed through a-heater, to which heat 
is supplied by paraffin lamps, Provided the hand 
pump is efficient and does not step and, provid- 
ing the heater does. not become carboenised, the 
method is successful, and in 10 hours.or, 12 hours 
with a Scotch boiler of average size ‘there will be 
sufficient steam to start the steam installation, 
In practice, Mr. Sketch says it. proves. almost 
impossible to keep the hand pump in steady 
operation, and to regulate the temperature of the 
heater, and as a consequence the. boiler has often 
to be started up with wood fuel, the oil being some- 
times allowed to play on the wood. This method 
he considers dangerous, as well as expensive in 
materials and labour. He. advises accordingly that 
an auxiliary supply of steam sufficient to work 
the fuel pump and the heater should be provided, 
if need be,. from an outside source such as a tug; 
but he holds. that it would be more economical and 
safer to fit on board a small water-tube boiler with 
a paraffin burner of capacity sufficient to supply the 
steam required, One man could attend to this 
boiler, as against the four needed to keep the fuel 
pump in operation. Where superheater elements 
are fitted it is, he states, almost impossible to get 
the burners going without air pressure, and in 
such cases the auxiliary boiler should be large enough 
to supply also the steam necessary for driving the 
fan, 


THE DEVELOPMENT OF AUSTRALIA, 


In the interests of our race and Empire most 
people with normal minds are anxious that our great 
Overseas Dominions should be developed to the 
utmost possible extent. We have frequently drawn 
attention to Australian problems and to matters 
affecting the development. of that great island 
continent, and we are tempted now to refer to.one 


which, though not strietly engineering, yet has: 


connection with its applications. The time was 
when Great Britain was virtually the workshop of 
the world. That phase has passed, and» other 
nations have built up energetic and competitive 
industries in the endeavour to obtain.a. share of the 
trade going, and the wish to improve their internal 
conditions. The endeavour is now being ‘made in 
Australia by means of a custom tariff to do ‘what 
others have done, and by imposing a“duty to. en- 
courage the establishment of industries within the 
country. With this as a policy we are not eon- 
cerned, but it will ‘be ‘to the advantage of the: 
engineering firms of this country if, in attempting 
to do. business with Australia, they study the market 


that. country presents, in connection with the tariff: 


in force. The tariff is in many directions framed 
expressly with the object of encouraging manu- 
facture within the country rather than’ the im- 
portation of finished articles. In many cases the 
finished articles, goods or machines, are subjected 
to duty, ‘while the raw materials and machines for 
making them are exempt.. We do not need to. 

rticularise, but. a 

ound which it would be giababiy worth while for: 
our manufacturers to study. 
that Australia, like other countries, has her post-war 


‘arduous conditions. 
'Caillard;' the managing director of the British 


many instances ean be 


We have to recognise: 





problems, prominent among them being the question 


of unemployment. Itisonly natural that she should 
endeavour to build up the means of providing work 
for her people, and though it may not appear 
directly to benefit. this country, the opening of 
branch factories in Australia by first-class firms from 
this country would go far to retain the Australian 
market, as they, would be more closely in touch 
with its, requirements, and would be of direct 
advantage to the Empire., 


‘The Cement INpustry. 

Like most others at the present time the Portland 
cement industry is passing through a time of de- 
pression. The situation is such that there is a 
considerable amount of unemployment in the 
Medway district, where several works have been 
closed. Giving evidence before a Ministry of 
Labour Local Employment Committee last week, 
Mr. H: K. G. Bamber, of the ‘Associated Portland 
Cement Manufacturers, Limited, and the British 
Portland Cement Manufacturers, stated that the 
industry was suffering from high manufacturing 
costs, foreign competition, and low freights from 
Continental ports, He also considered that the 
public did not sufficiently appreciate the uses of 
Portland cement, and instanced a case in which 
Portland cement curbs of local production had, at 
heavy expense, been replaced by the authorities by 
granite eurbs imported from a great distance. He 
thought the use of cement could be extended, and 
instanced the adoption of cement roads in America 
aS an example. While we join the people of Maid- 
stone in a desire to witness a speédy return of 
prosperity to the industry, on the whole it must be 
admitted that relatively the cement industry has not 
done so badly. Since the advent, too, of the 
advocates of reinforced concrete this energetic 
section’ of the erigineering world has discovered an 
infinite variety of novel uses to which the products 
of the industry can be put. The advantages of the 
material are admittéd,' but there is still a good deal 
of scope for educational propaganda. However, the 
usé Of concrete on a large scale for roads in this 
countty cannot be discussed quite on the same foot- 
ing as its employment in the United States, where, 
from all accounts, though enthusiastically adopted, 
it is not shaping quite as was originally anticipated. 
It is accepted that a good road can be constructed 
with concrete. What is not so generally accepted 
over here is whether with our normal widths of 
country roadway it is practicable to construct them 
of this material, except in the case of certain main 
roads; and further, whether in our impoverished 
state we can afford such a luxury as our wealthy 
cousins across the Atlantic are indulging in. 


A New Typz or Macnero. 

Tue ordinary type of magneto has for many 
years been very near the limits of perfection of 
which the design is capable, and such defects as it 
possesses are mostly inherent in the principles on 
which ‘it is constructed. These defects became 
more prominent when the exacting requirements 
of high speed aeroplane engines had to be fulfilled, 
and the ‘complaint that the post-war English 
magnetos were less satisfactory than pre-war Ger- 
man machines disregarded the fact that the German 
magnetos were never required to work under equally 
' This point was made by Mr. B. 


Lighting and Ignition Company, Limited, of Aston, 
Birmingham, at a luncheon given yesterday in 
London to: mark the introduction of an entirely 
new type of magneto designed by Dr. E. O. Turner, 
the chief engineer of the company. In the new 
B.1.LC. magneto the ordinary rotating armature 
is replaced by a rotating permanent magnet. Above 
the tunnel is a fixed armature coil, the laminated 
core of which extends downwards and forms the 
sides of the tunnel in which the magnet rotates. 
The lower ends of the laminations are cast in an 
aluminium alloy casting which forms the top and 
bottom of the tunnel and the general framework of 
the machine. The design is only made possible by 
the wse of cobalt steel for the permanent magnet, 
‘whieh is four times as efficient magnetically as the 
best tungsten steel. Owing to its material and design 
the permanent magnet is only one-sixth the weight 
of that-used in an ordinary ‘magneto, a magnet 
weighing 12 ozs. replacing one weighing 44 lbs. The 
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reduction of weight of the complete machines is 
therefore very marked, a motor-cycle magneto, of 
the new B.L.L.C. type weighing only.3 lbs., and that 
for an ordinary car about 7 lbs. ‘The reduction im 
weight is by no means the most important feature 
of the design. The stationary armature permits of 
extremely good insulation and entirely eliminates 
the use of slip-rings, brushes and brush-holders: 
The only rotating elements are the solid steel magnet, 
and the cam which operates the stationary. contact 
breaker. In external appearance the new magneto is 
similar to those to which engineers are accustomed, 
the condenser and armature heing housed in the 
upper part of the aluminium frame, and the spindle 
being in the usual position. The machines. will 
spark at speeds as low as 50 r.p.m: or 60 r.p.m., 
and are interchangeable with Bosch and other 
designs, with which they are equally efficient. 


Tue HEATING AND VENTILATION OF PASSENGER’ 
SHIPs. 


While in the matter of decorations and interior 
fittings in general, the modern passenger liner com- 
pares quite favourably with some of our finest 
buildings, it frequently leaves ‘much to ‘be desired 
in the matter of heating and ventilation. This, at 
all events, is the opinion expressed by Mr. J. L. 
Musgrave in a paper on the subject read on the 
llth inst. at the Institution of Heating and Ven- 
tilating Engineers, and we are not disposed to dispute 
it. Mr. Musgrave did not under-rate the difficulties 
of the problem. He reminded his audience that 
widely-varying climatic conditions may be encoun- 
tered in the course of a single voyage, and pointed 
out that the space and weight that can be allocated 
to plant, ducts, &c., is much more restricted in the 
case of a ship than in a building on land, With the 
co-operation of a heating and ventilating engineer 
in the early stages of the design, however, he-sug- 
gested that a solution satisfactory to all parties 
concerned could be obtained. Most large shipping 
companies and shipbuilding firms, of course, already 
employ capable and experienced men to design and 
supervise the heating and ventilating arrangements 
of a ship, but the author’s contention is: that, in 
many cases, these men have insufficient status to 
enforce their views in opposition t6 those of other 
departments. The many demands on the limited 
space available thus frequently lead to reductions 
being made in the cross-sectional area of the ducts, 
and the consequently augmented air speeds involve 
increased fan power and cause trouble from draughts 
owing to the high velocity of emission. After 
explaining the different treatment necessary for 
inner, intermediate and outer cabins,,and describing 
some typical installations, the author referred to 
the thermo-tank system of combined air heating 
and ventilating with which our readers are doubtless 
familiar. He pointed out, however, that in some 
installations in which warmed air is supplied to the 
different parts of a vessel, no adequate provision 
is made for the extraction of the vitiated air. The 
warmed air supplied must, of course, ‘find some 
outlet, but it by no means follows that the incoming 
air completely displaces the Vitiated air unless steps 
be taken to prevent the accumulation of stagnant 
air in pockets. There is no doubt that the particu- 
larly unpleasant “ship smells’’ prevalent. on many 
vessels are sufficient to. cause sickness in some 
cases, quite apart from the unavoidable motion 
of the vessel. It is therefore not unlikely that, in 
such cases, expenditure on improved ventilation 


would prove a profitable investment for the ship- 
owner. 


STANDARDISATION OF PETROLEUM TESTING. 


There is hardly any industrial branch in which 
standardisation appears to be so urgent and yet 
still so premature, as the petroleum industry: The 
confusion as to popular nomenclature is notorious, 
and even experts may differ as to the interpretation 
of simple test certificates. The trouble is that 
neither petroleum, nor most of its products are, in 
the ordinary sense, simple substances of constant 
composition and properties, These problems have 
been engaging the serious attention of the Institu- 
tion of Petroleum Technologists since its inception 
in 1917, when Mr. Alexander Duckham proposed 
that the Institution should appoint a standardisa- 
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tion Committee. He is now president of that 
committee, on behalf of which Dr. A. E. Dunstan, 
F.1.C., presented a first report on “ Standardisation 
of the Testing of Petroleum and its Products”’ at 
the-meeting of the Institution held last Tuesday. 
Dwelling on the general nature of the problems 
Mr.. Arnold Philip, the Admiralty Chemist, had 
pointed out, in a previous meeting of the Institution, 
that there aré two main policies in standardisation. 
One may standardise the methods of testing to be 
adopted’; or one may standardise the composition 
of ‘certain represeritative samples of each kind of 
material by means of check tests, the selection of 
which would be left to.the individual expert. The 
latter method has been adopted by the Iron and Steel 
Institute with reference to the chemical testing 
of iron and steel; . the former method has been 
preferred by Mr. Duckham’s: committee. The 
objection to the standardisation of methods of tests 
is that it tends to stereotype erroneous lines of 
working and that, moreover, elaborate tests cannot 
be specified and described with sufficient clearness 
and detail to ensure that different workers will obtain 
quite the same results particularly when the tests 
cannot, from their very nature, be carried out on 
any but conventional lines. We only need remind- 
ing of the difficulties of even defining melting-points 
of gradually softening materials and flash points of 
mixtures, in this connection. In recognition of these 
difficulties representatives of various chemical bodies 
and the Institute of Metals resolved as early as 
1919 to provide pure standard chemical substances 
with reference to certain methods of analysis, with- 
out definite restriction of the choice of the methods 
which will always have to be revised. That, in a 
sense intermediate mode of standardisation, which 
will mostly be the ultimate. aim, is also advocated 
by the Standardisation Committee of the Institu- 
tion of Petroleum Technologists. Their task was 
both simplified and complicated by the facts that 
England and the Dominions of the British Empire 
are not the leading petroleum-producing coun- 
tries, and that the American Society for Testing 
Materials, has of late done excellent work, 
especially on petroleum testing. The committee- 
men have hence rightly co-operated, on the one hand, 
with the A.S.T.M., recommending many of their 
methods, while making some almost revolutionary 
proposals, and with the British Engineering Stan- 
dards Association, and with the National Physical 
Laboratory, also as the future custodian of standards, 
on the other hand. The committee work is done 
in six sub-committees dealing with Naturally- 
Occurring Bituminous Substances, with Distillates 
up to Kerosene, with Kerosene and Intermediates, 
with Lubricants, with Liquid Fuels, and with 
Asphalt and Artificial Residues. The work of all 
these committees is difficult and manifold; about 
100 tests had to be studied, and Dr. Dunstan had 
prepared his report with the object of eliciting 
considered suggestions and criticisms in writing 
rather than immediate discussion. Professor J. 8. 8. 
Brame,, president of the Institution, who made 
this standardisation the subject of his presidential 
address last spring, will edit a brochure, early next 
year, it is hoped, on the recommendations made, 
which will remain subject to periodical revision 
and amendment. That resolution will find approval 
outside the Institution as it was endorsed by the 
meeting. 





Tue BrrmincoaM Meratiureican Socirety.—A meet- 
ing of this society was held on the 4th inst., when the 
new president, Mr. A. J. G. Smout, delivered an address 
on the importance of eliminating waste and inefficiency 
in the country’s metal industries. During the evening 
the student. prize and bronze medal was presented to 
Mr. L, F. Wharton, for @ paper of his on “‘ Brass Rolling- 
Mill Practice,’’ the society’s silver medal was presented 
to the retiring president, Dr. F. Johnson, head of the 
metallurgical department of the technical school. 





InstrrvTion or MecHantcat EnGtnerers.—This Insti- 
tution has issued its programme for the session 1922-23, 
which gives the dates of meetings in London and at the 
various provincial branches. The proceedings in London 
commence on the 19th inst., with a conversazione, 
followed on the 20th by a general meeting, when Dr. H. 8. 
Hele-Shaw, F.R.8., will deliver his presidential address. 
Several of the London meetings will be set apart for the 
adjourned discussion of papers read at the Paris autumn 
meeting. The Institution has also issued the pro- 
gramme for the session of the uates and students’ 
meetings, both in London and in the provinces. 
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Labour Policy—Falee and True. By Sit Lynpen 


Macassgey, London: Thornton Butterworth, Limited, 
[Price 7s. 6d. net. } 


Tue world to-day is suffering from a fever of 
industrial unrest such as has never been known since 
the introduction of the factory system. ‘The causes 
aré not openly apparent, but are the product of 
deep-rooted suspicions largely founded upon ignor- 
ance and the attitude of labour politicians. The 
European War has had an unsettling effect upon 
all the peoples of this Continent, and where con- 
ditions have been extreme, this unrest has produced 
not only political upheavals, but has been the cause 
of loss of life and the destruction of all that makes 
life possible in an industrial community, Few 
writers on such subjects have been free from a 
supposed taint of association with a particular side, 
that of labour organisations or associations of 
employers, but the war-time gave opportunities for 
the wotk of men without ties on either side, in the 
settlement of these troubles, and from such men can 
be expected views which are absolutely impartial, 
and their suggestions of solutions of present-day 
industrial unrest should be examined by all parties 
concerned—Labour, employers and the nation. 
Sir Lynden Macassey states the problem in his 
introduction in these words: “ Formerly, men 
worked to benefit themselves ; now they are apt to 
refrain from working for fear they may benefit 
other persons.” The restriction of output may 
have an obvious effect upon the production of a 
factory and the returns on the capital invested in 
the company, but the manner in which such a 
course acts to the detriment of workers is not so 
obvious to them nor is its effect upon the community 
asa whole. During the war time, when, because of 
absolute necessity, labour troubles had to be patched 
up in practically any sort of way to ensure the con- 
tinuance of supplies, wage-conditions of employment 
were introduced which were. ridiculous in the 
extreme. This abnormal and economically-un- 
healthy period has left its-mark upon the outlook 
of the workmen of this country and intensified the 
labour problem. 

There has been no less effort expended in preaching 
the socialistic programme of the labour parties to 
the workmen of this country than to those of the 
other lands in Europe, but ‘the effect has been 
markedly different. In Britain the workmen, no 
matter how loyal they may be to their unions in 
matters under dispute with their employers, will 
have little or nothing to do with the political 
nostrums of their leaders, and have exercised the 
franchise in favour.of candidates opposed to the 
official labour programme. So much we have to be 
thankful for; there is sound reasoning among a 
majority of the men when the question is one of 
socialisation of industry. The amazing thing is 
that such a condition should exist, for the men 
hear little from public speakers, but that they. are 
wage-slaves and that their employers buy their 
services just as they buy the ordinary raw materials 
of their business. With many of the irresponsible 
such “ doctrine’ has had an effect, and their dis- 
content, which normally should be the most blessed 
possession of a people destined for progress, becomes 
a debased and hateful thing, a curse to themselves, 
a menace to their emancipation, and a drag upon that 
natural development of industry on which the well- 
being of man, his family and his country depend. 
Any effort expended by men, who are not trammelled 
by direct association with the employment of labour 
and are therefore above suspicion, must be of service 
to the whole industrial world, when they deal with 
such subjects as the economies of production, the 
economic wage of the worker and its relationship 
to the cost of living, the necessity of foreign trade, 
and the fundamental falacies underlying socialist 


| political theory. 


Is there never to be a counter attraction to the 
literature on sale at the popular Socialist bookstall ? 
The workmen hear much of Marx and Das Kapital, 
but do they ever hear of the works of any sane 
economist ? There is a field for the production of 
cheap books on economic problems written in a 
style that can be understood by the people, and also 
for the organisation of lectures on such subjects in 
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the industrial districts. The three dominant 
aspirations in the minds of the workers to-day are, 
the removal of the menace of unemployment, 
recognition of the worker’s human status and the 
distribution as a moral right of an equitable share 
of the yield of industry. The author states that the 
Government paid out in dealing with the relief of 
unemployment, no less a sum than 281,216,4601. 
between the date of the armistice and May 19, 1922. 
This added to the 60,000,000. expended in outdoor 
relief within the same period gives some idea of 
what the country is spending in dealing with the 
problem in its crisis stage to-day. 

Sir Lynden Macassey has had a considerable 
experience of labour troubles during the war period, 
and has knowledge of the outlook of the three sides 
to every dispute, the workmen and their leaders, 
the employers and also the community as repre- 
sented by the Government. The book deals with 
the labour programme, the attitude of the Govern- 
ment towards industrial problems and finishes with 
a third part entitled the true labour policy, in which 
the author outlines his views and gives his reason 
for their suggestion. This book shows an honest 
endeavour to deal with the problems of labour 
unrest from a new standpoint, that of the man who 
is of exceptional knowledge and is abso- 
lutely without bias. The schemes for the improve- 
ment of human relationships iff industry, the state- 
ment regarding the right relations of Government 
to industry, both in the present crisis and in more 
normal times, the unemployment scheme whereby 
each industry looks after its own unemployed and 
the question of increased production, provide 
chapters which should be read by all. 
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“DOUBLE REDUCTION GEARS FOR 
TURBINES.” 
To THE Eprror or ENGINEERING. 

Srr,—I beg to reply through your pages to Dr. Hat- 
field’s letter which appeared on page 364 of your issue of 
September 22 last. Whilst I am in mt with 
Dr. Hatfield that it might probably be in the real interest 
of the ultimate of double reduction gearing that 
his questions be answered, may I state that the con- 
tributions I have ventured to make towards the solution 
of the problem have been in the immediate and more 
pressing interests of the gearing. 

I greatly regret Dr. Hatfield concluded from my 
contributions that my mind is made up as to the causes 
of the failure of double reduction gearing. My mind, on 
the contrary, is made up that the gearing is by no means 
a failure, but represents the most convenient and 
economical means yet devised to combine the efficient 
speeds of turbine and propeller. 

Further, my mind is also made up as to the causes 
of failure of certain pinion teeth which have come under 
my notice. These teeth were made from low elastic limit, 
low Izod material, and had been subjected to intense 
local stresses. My experience of destructive tests 
carried out on series of complete structures of varying 
Izod values, and including locally stressed sections, has 
led me to always anticipate unreasonably early failure 
from material giving low Izod figures. 

The immediate remedy of high elastic limit, high 
Izod steel, seems to me almost self-evident. Certainly 
some test, more suitable than the Izod may be conceived 
and ultimately elaborated at a future date. But the 
teeth are loaded in a manner not very dissimilar from the 
loading of an Izod test-piece. Also, almost all the makers 
of pinion forgings already 2 Izod machines, and 
experience of their'use. Should Dr. Hatfield be in 
disagreement, might I invite him to state why he does 
not consider the high elastic limit, high Izod steel, the 
best contribution the steel-makers can make at present. 
Also, whether the failure of a pinion tooth made of such 
material has yet been repo: 





Faithfully yours, 
Greenock, October 6, 1922. Wietay AUSTIN. 





To THE Eprror or ENGINEERING. 

Srr,—On account of absence from home I did not see 
our editorial, on “‘ The Reduction Gear Problem,” pub- 
ished on page 179 of jyour issue of August 11 last, 

till a few days ago. I have studied it with great 
interest, but must confess to a little disappointment 
that it dealt principally with the action of the oil film 
to the total exclusion of the much more vital question 
of the effect of misalignment. Indeed, in the statement 
regarding the stress from cross-bending of the teeth it is 
tacitly assumed that the alignment is good; whereas 
misalignment such as frequently occurs may give a 
maximum stress many times the mean. No high quality 
of steel, however frequently submitted to a stress of 
8,500 Ib. per square inch, will fail. I am aware that 
fractures are very frequently blamed on bad material 
and, no doubt, sometimes correctly ; but I am informed 
that the metallurgists in Britain are far from admitting 
this covering explanation. Recently I visited, with 
Mr. Ohlson, of Metropolitan-Vickers, the shipbuilding 
centres of England and Scotland. We met many leading 
marine engineers and shipowners and discussed the gear 
problem with them. Their testimony was that in the 
very great majority of cases the teeth broke at the ends. 
As the teeth are generally chamfered at the ends this is 
not a weak part. The fractures must almost inevitably 
occur at the ends if they are caused by the greatly 
increased stress due to misalignment, but I can see no 
reason why faulty heat treatment should affect the ends 
more than any other part of the tooth. I saw man 
pieces of teeth which had broken off and I think all 
showed a characteristic fracture. The broken surface 
met the working face of the tooth nearly at right angles, 
but was convex, gradually turning as the crack had 
ergy into the metal, and, ultimately, when it neared the 

k face of the tooth, becoming almost normal to the 
latter. But this convex surface was terminated before 
it quite reached the back face of the tooth and the narrow 
4 left presented a rougher surface, meeting the convex 
surface at an angle. The almost obvious explanation 
is that a crack started at the severely-stretched working 
face near the root, gradually yo following the 
direction of least strength till this part of the tooth 
iT dingly weak, when the fracture was 
suddenly completed. Such a fracture indicates ductile 
material. This forms a valuable addition to the evidence 
for misalignment in rigid gears which I summarised 
on page 61 of your issue of July 14 last. 

Before I leave this of the subject let me add 
further evidence of misalignment. On 61 ante I refer 
to Mr. S. K. French’s observations of the springing of the 

casing of 8.8. Carenco at sea. The Metropolitan- 
ickers Electrical Company have made similar experi- 
ments with every precaution to ensure accuracy, an 
account of which they kindly sent me. They first took 
a double-reduction gear casing, heavily ribbed so as to 
be very stiff, with gears and pinions in place, and 
measured the — of changing the support. By 
supporting it t on two diagonally-o ite corners 
onli usnt on the other two they sgl pepe of align- 
ment many times what would be sufficient to open the 
teeth at ends by 0-001 in. When such a c 
occurs in the ship, as it is very likely to do from various 
causes and particularly through springing of the ship 
in a heavy sea, there will be intense localisation of stress 
on the ends of the teeth. 

They also fitted carefully-designed alignment meters 
on 8.8. M lore and The former ship was 
very steady, having a maximum roll on the voyage to 
Calcutta of about 5 deg. on each side, and the gauges 








showed only an unimportant twist. The 8.8. Breda 
is stated to have box-type gear-case seatings “of very 
rigid construction.” In a high head sea the alignment 
gauges showed total readings, clockwise + anti-clock- 
wise, up to a miximum of 0-084 in. Thus Mr. French's 
observations are more than corroborated. Of what 
possible value is very exact aligning of rigid gears in the 
shop when such changes can occur. I must again express 
my surprise that builders did not foresee this insur- 
mountable difficulty of rigid gears. I have urged my 
friends in the Metropolitan-Vickers Company to publish 
their device and observations as it would surely, at last, 
draw adequate attention to this vital difficulty. 

The editorial is largely devoted to a discussion of 
whether the action of the oil film is such that the safe 
tooth pressure per inch rises as the pinion diameter or 
as its square root. For brevity I have called these the 


D rule and the ,/D rule. It is inadvertently stated at 
the end of page 179 of your issue of August 1] last, that 
in my Liége paper, which you kindly published on 
July 14, page 58, I apparently ignore the part played 
by the lubricant. But I have always given it most 
careful consideration, and on page 60 two paragraphs 
are devoted to it, in which references are also given 
to previous discussions. The mathematical treatment 
of the action of the oil film cannot lead to perfectly 
certain results until, we are sure of some fundamental 
facts, such as whether the oil slips on the surface or 
adheres ; it is also greatly complicated by the fact that 
the surfaces in contact are rough, at least at first, if 
we take the extremely small thickness of the oil film as 
the unit of length. The indefiniteness of the conclusion 
is well shown by the difficulty the writer of the editorial 
has in deciding between the D rule and the /D rule ; 
and also by the varying opinions expressed in previous 
articles in ENGINEERING, Vol. cii, page 119, and Vol. cix, 
pages 599 and 601. But there are elementary con- 
siderations which, I think, decide that the D rule is 
much nearer the truth. 

If we have no lubricant and the gear is at rest it is 
admitted that the D rule is correct; also, that if we 
have two similar (say, one twice the linear dimen- 
sions of the other) in which the tooth pressures follow 
this rule, the very narrow strips, flattened and fitting, 
over which the teeth touch—which must be of finite 
breadth or the contact pressure would be infinite— 
will be twice as broad in larger gear as in the smaller. 
Thus, at corresponding points in the two gears the contact 
pressures per square inch will be the same. These strips 
are produced by a very local strain caused by the high 
contact pressures.* One supposition on which the 
mathematical discussion seems to be built is that under 
working conditions this strain is absent or wholly 
negligible. I do not think that the introduction of an 
oil film whose thickness, as no doubt correctly stated in 
the editorial, ‘‘is of the order of of an inch,” 
will very sensibly affect the distribution of total stress 
imposed by the applied torque. It will broaden the 
surfaces under high pressure in both gears, but as the 
escape of oil at the borders of the regions of high strain 
will be very free it will not greatly broaden the strips ; 
and as it affects both very similarly the breadth ratio 
of 2 to 1 will still hold closely, and at corresponding 
points the pressures will still be very nearly the same, 
as was the case with no lubricant. The pressure gradients 
of the large gear would therefore be Ralf those of the 
small one, and the distances between corresponding points 
are doubled ; thus, as I pointed out, page 60 ante, ‘“ the 





*In ENGINEERING, Vol. Ixxi, page 463, there is a 
valuable article on tests of “‘ Steel Ball Bearings” giving 
an account of Professor Stribeck’s experiments closely 
confirming the theoretical deductions of the famous 
Professor Henry Hertz. It throws light on the action 
of gear teeth at contact, and also on the cause of pitting : 

Hertz’s equations (1), (2) and (3) conform to what 
I have said in the text regarding teeth in contact. Thus, 
in similar gears I have supposed the load per inch pro- 
portional to the pinion diameter and, therefore, the 
total load on the teeth to vary as the square of the 
diameter. Now in Hertz’s equations suppose two equal 
balls in contact under load P, so that y = y2 = 


the radius ; and also make P = k y2. We get: 
Compression = const. X y. 
Radius of pressure surface = const. X ¥. 
Greatest pressure = const. 


Thus the small flattened areas which fit are of finite 
and easily calculated radius, proportional, under corre- 
sponding loads, to the radius of the balls ; and the other 
results also correspond to what I have stated regarding 
the strips of tooth surfaces in contact. The measure- 
ments show that permanent set soon takes place. This 
will occur in teeth very soon at the slight pro- 
minences ; and most in the most rigid configurations, 
that is near the pitch line. At such spots the pressure 
must be enormous. Not only will the elastic limit 
be passed but, very near the surface, it will be passed 
so far that the crystalline structure of the metal will 
be disintegrated. Gradually these prominences will all 
be eliminated, leaving pits near the pitch line and, in 
most cases, being rubbed off due to the sliding contact 
in other parts of the teeth ; then, if the steel is of good 
quality, pitting should stop, as it usually does. This, 
and the slight flow of metal at the rubbed surfaces, 
es fins at the points of the pinion teeth, satis- 
actorily account for at the facts, and there is no need 
to invoke any other cause such as hydraulic action 
(see page 179 ante). Indeed, the strips in contact are 
so narrow compared with the breadth and depth of 
even a minute pit mark that it is difficult to see how 
this action could have more than the most minute effect. 
It may be noted that rails are pitted by trains passing 
over fthem, and here there is certainly no hydraulic 
action. 
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broader strip of the larger gear will more securely entrain 
the oil’’ and make the safe load rise a little more quickly 
than the D rule indicates. The D rule—or, rather, the 
power constant, which involves the D rule—-has been 
successfully used in designing hundreds of floating-frame 
gears, because in them we can be sure that the maximum 
tooth pressure is not greatly in excess of the mean. 
Indeed it was adopted to keep the stresses in the metal 
constant, not on account of the action of the oil film, 
the safe pressure on which has not, I believe, been closely 
approached. 

he writer has stated, 179 ante, how very thin a 
film will lubricate perfectly, up to pressures which would 
far exceed the elastic limit of the material; and in 
Vol. cix of ENGINEERING, 601, it is also stated that 
recent observations prove “that lubrication may be per- 
fectly maintained under oil film pressures so high that 
the sate nag sel? 

The light loads transmitted by rigid gears compared 
with those successfully adopted in floating-frame gears 
show that if the pressures are well distributed over 
the tooth face the danger line, so far as lubrication 
is concerned, is far from being reached in the former. 
But mean pressure means little in rigid gears on account 
of great liability to serious misalignment. If the high 
danger limit just indicated for the film is approached we 
have probably pron the danger limit for fracture ; and, 
consequently, I maintain that the action of the oil film 
will not be very vital in the reduction gear problem, at 
least near pressures in present use. Why then the 
/D rule, which has been well called ‘‘ empirical,’’ for 
larger rigid gears and the D rule for smaller? As I have 
shown at various times, the /D rule is an imperfect 
allowance for increasing elasticity and liability to twisting 
as the size of the casings is increased, and it cannot 
be used for the smaller ones as the metal would be over- 


stressed ; further, that the ./D rule in no way accounts 
for the diminished constants required for double reduc- 
tion gears, but the increasing elasticity does. 

It is stated, page 180 ante, that my claim for the float- 
ing frame is that ‘“‘ shocks are absorbed by the elasticity 
of the structure and are not transferred in their full inten- 
sity to vital points.” Presumably the shocks referred 
to are those due to bad tooth cutting. In correc- 
tion of this statement let me quote from my Liége paper, 
page 59 ante: “‘ Very eres A and persistently the 
common belief still is that the ane frame was devised 
to counteract the detrimental effect of bad tooth cutting. 
I wish to state once more, emphatically, that no device 
can do this; and it was no part of the object of the 
floating frame. The sole object was to produce good 
running contact of the teeth and a practically uniform 
distribution of pressure along all the tooth face, even if 
there were very sensible misalignment, which should 
have been anticipated, and is practically sure to happen 
in the life of every gear.” I refer to this again on 
page 61 ante. 

I am sorry to differ from the writer's commendation 


of K and criticism of the power constant. K./D no 
doubt gives a perfectly definite figure, but so would 
K multiplied by any function of the diameter. It is 
wrong if the ,/D rule is wrong. I think an example 
will show that it is very misleading: for 8.8. Cameronia 
K = 220, which is regarded as a high value for rigid 
gears and was commended as showing the load a rigid 
gear would carry. The second reduction pinions are 
25 in. diameter and carry a load of 1,100 Jb. per inch. 
I show, Vol. exii, page 660, that if the tooth face is 
100 in. wide the power constant is 1,396. When I met 
Captain Onyon he kindly informed me that the tooth 
face is 35 in.; consequently the power constant is 
1,396 x 35_ This i 1 1 a 
a sitvemenaied 49. is is a very low value and, 
Perm | ample allowance for the shortness of the tooth 
face, this pinion, if mounted in a floating frame, would 
safely carry three times the power it now transmits. 
On the other hand, the power constant not only fixes 
the pinion diameter but also makes proper allowance 
for the effects of cross-bending and torsion. The use of 
K./D takes no cognisance of these important elastic 
effects. This I have very fully discussed in the Trans- 
actions of the Institution of Engineers and Shipbuilders 
in Scotland, Vol. lxi, page 345 ff. 

I am glad to see the commendation of the flexible shaft 

between the turbine and pinion. It not only simplifies 
the alignment of the turbine and gear, but it obviates 
undue torsional vibration of the shafting. It has always 
been fitted in floating-frame gears, is indeed a necessity 
there, and in no case torsional vibration been observ- 
able. I have made careful investigation of this subject 
and it seems probable that in all cases where such 
flexible shafts are fitted the turbine rotors and propellers, 
acting as dampers, absorb sufficient energy to prevent 
objectionable vibration. The impression left after my 
recent visit to Britain is that this “quill drive” is 
gaining favour. 
_ There are a few minor questions raised by your most 
interesting editorial which I would have liked to discuss, 
but I have already trespassed on the space of your great 
journal much too far. 

Thanking you for your courtesy, I am, 

Yours sincerely, 
Joun H. MACALPINE. 

5,537, Hampton-street, Pittsburgh, Pa., U.S.A. 

September 25, 1922. 

[Much of the matter in our correspondent’s letter is 
covered by an article which ap; elsewhere in this 
issue. We may add, however, oy we never imagined 
or suggested that high local strains do not arise in gear 
teeth and, in fact, attributed pitting to these. Mr. 
rae ase is certainly in error in suggesting that the 
distribution and intensity of pressure between lubricated 
surfaces is nearly the same as it is with dry surfaces. The 








two laws are in fact quite different. With surfaces 
the load is symmetrically distributed about the line of 
contact, but with lubricated surfaces this is very far from 
being the case, as was shown in Fig. 5 on page 120, in 
our issue of August 11, 1916. As is pointed out in the 
article, which appears on page 453, the validity of the 
K / D rule depends on whether or no there is a definite 

ractical minimum limit to the thickness of the oil film. 

f, instead of assuming this, we accept the equall 
defensible view that there is a limit to the stress Thich 
can be carried without abrasion, then we get a formula 
which may be written in the form W = Cd 3/R.P.M. 
As in all other cases to which the theory of lubrication is 
applicable, this rule makes the permissible load zero 
at zero speed, whereas of course this is not the case either 
with gear teeth or with a bearing. The failure of the 
rule at the limit stated merely means that at zero speed 
lubrication will fail, but since surfaces at rest do not re- 
quire to be lubricated, no trouble results. It is, however, 
interesting to note that the teeth on the spring case of a 
clock often show considerable signs of wear, although 
their total travel is of the order of, say, but 3,000 ft. 
per year. This observation seems to confirm the rule, 
and to show that at very low speeds the lubrication 
cannot be maintained.—-Ep. E.] 





To THE Eprror oF ENGINEERING. 

Srr,—I read with much interest Mr. W. C. Rowden’s 
letter in your issue of October 6. Mr. Rowden has 
modified the expression of his views sufficiently to indicate 
that he has a satisfactory appreciation of what is happen- 
ing under questions 1, 2, 3, 4, 5 and 6 of my letter in 
your issue of September 22. As quite accurately stated 
by him, “It having been proved in practice that nickel 
steel is not equal to the excessive stresses sometimes 
met with,’’ it remains to be decided as to what shall be 
done. I, unhesitatingly, say that the conditions here 
referred to are such that no steel exists which could, 
under the abnormal conditions so existent, perform the 
service demanded of it. Mr. Rowden’s letter in your 
issue of September 1 suggests pushing up the maximum 
stress of the material about 10 tons per square inch, 
thus putting into the pinion a harder steel and one 
which is demonstrably less capable of plastic deformation 
under abnormal conditions than the nickel steel at present 
employed. This suggestion of his would make it still 
more difficult to attain mechanical perfection, but the 
ine hardness of the surface would make it in- 
creasingly difficult for that n accommodation of 
surface resulting from initial use. Whilst it is desirable 
to use steel of relatively high mechanical properties, 
yet much is to be gained by having the steel sufficiently 
ductile to allow of initial running permitting complete 
bedding down. It is the lesser hardness and greater 
ductility of the wheel teeth which permit them to deform 
rather than break, although, as a matter of fact, even 
breakages of wheel teeth are known. Incidentally, the 
far less number of contacts in the case of the wheel 
facilitates more effective life. 

Mr. Rowden asks me to give my candid opinion of the 
mechanical poapartios of the special steel, stated in the 

ph contai on page 276 of your issue of September 1. 
The great disparity in the elongation and, particular] 
in the reduction of area results of the three tests whic. 
he gives, clearly shows the og world that his 
steel is not homogeneous. I think that in his recom- 
mendation of a harder steel for this work Mr. Rowden is 
in error, and I further feel that those responsble engines 
who are dealing with this very serious and difficult 
question will do well to bear in mind the very large 
number of successful gears made in heat-treated nickel 
steel. 

Yours faithfully, 
W. H. HArrievp. 
The Brown-Firth Research Laboratories, Princess- 
street, Sheffield, October 9, 1922. 
To THe Epiror oF ENGINEERING. 

Sir,—-All engineers must be grateful to you for explain- 
ing so explicitly the lubrication and loading of gear 
teeth. 

This forms an interesting case in the use of the theory 
of dimensions. Assuming that the load per length can 
depend mainly on a length, velocity, viscosity and stress, 
and ratios of these quantities, we obtain : 


= Vpn i). 
” ye (¥, 


If the dependence of W on D, f, V, or w, can be represented 
with sufficient approximation by giving the variable a 
single fixed index, it follows that the second part may be 
represented by a single term, and then 


6 
W=NVuz (4) , 
Vu 
Mr. Martin’s analytical theory shows 6 equals two-thirds, 
which makes the practical rule : 


w= Kivép# = Ki) /v pe. 


The values of K; for the gears, with helical angles 
about 30 deg., given by Commander Tostevin, vary 
between 22 and 5s, while the Melmore Head is loaded 
to 56 and the passenger steamer to 36 and 34. There 
seems more than a possibility here for an answer to 
Dr. Hatfield’s third question. 

From a consideration of these limiting cases, where 
pitting and wear have ceased, we should be enabled to 
determine both N and 6 with sufficient accuracy for 

ractical use. As well as the leading particulars regarding 
oads, speeds, materials, angles, pitches, reduction ratios, 
and so on, it would be worth while taking note of the 
t of gear cases, and the differences of the foundations. 

erhaps these particulars can be supplied so that it 


may be seen, from the coefficients obtained over the worn 
widths after wear has ceased, how nearly the assumptions 
made agree with the essential facts. While there is no 
relative slipping at the pire pene there is relative 
rolling motion which is a function of the speed, and as 
some run at 130 ft. per second and others at 30, the 
viscosity and therefore the velocity may be expected to 
have an influence too great to be neglected. Theory 
always uses a simplified picture of reality, because real 
phenomena are much too complicated, and the approxi- 
mation which the theory gives to the true answer ever 
depends on the closeness of similarity between the ideal 
picture and the real one. So it is confidently anticipated 
that this part of the gear problem is now solved. 
Yours truly, 
ALEXANDER F. AINSLIE. 
4, Brettonby-avenue, Stocksfield-on-Tyne. 
October 7, 1922. 





“STRENGTH OF RAILWAY BRIDGES.” 
To THe Eprror or ENGINEERING. 
Sirm,—I have read with considerable interest the 
articles by Messrs. Cookson and Nicholas and Mr. Conrad 
Gribble, as I helped to instigate a correspondence in 


The Engineer a few agi on this subject. I have de- 
signed bridges to the es recommended by Messrs. 
Cookson and Nicholas, and also to the rules laid down 


by the Indian Government, and found the final resulting 
sections to be very similar, but, possibly for lack of 
the tables mentioned by the first named, I found the 
second method simpler to use. 

A point that is missed by the writers is, that only a 
moderate percentage of the world’s bridgework is designed 
by railway engineers. Quite a large proportion of the 
bridgework for home and abroad is designed by engineers 
on staff of bridgework contractors, and in my opinion 
some of these designers turn out a more useful type of 
bridge than those who are not working under com- 
petitive conditions. 

It is imperative for the good of our country’s trade, 
that rules should be laid down governing the design of 
bridges, and that these rules should enable us to compete 
with other countries, which may have advanced further 
in the science of bridge design than we appear to have 
done. A notable example of this is America. Such 
works as those of Dr. Waddell and Messrs. Johnson 
Bryan and Turneaure, speak for themselves. I, per- 
sonally, am not conversant with works of equal merit 
published by English engineers. We have to compete 
with America, and as long as we continue to put our 
metal in the wrong place, thus making it work at a dis- 
advantage, we shell not do 80 mp one I do not 
quarrel so much with the designing rules of our railway 
companies (though some of these are hardly reasonable) 
as that they are often applied to bridges that are 
incomplete structures. 

I cannot understand how any engineer of experience 
can say that upper chord bracing is unnecessary. Surely 
the members of any structure must be defined. If there 
is no top bracing, what is the length of the upper chord 
struts ? I know no answer, but lately I have seen a very 
bad example in a road bri with unstayed top booms, 
which I have had to strengthen. The main girders were 
strong enough by Board of Trade rules, but in a length 
of 60 ft. the top booms were curved inward, both equally, 
at least 14 in. Every time a moderately heavy cart 
passed over, the vibration was very obvious, and the 
top booms of the girders trembled with a noticeable 
movement. Strong stays to the top booms have made 
it quite stiff and satisfactory, and able to take heavy 
wagons with safety. 

ontractors’ engineers, working as they mostly do to 
American rules, reer A turn out railway bridges of a 
total weight lighter than our railway engineers, and 
they put in bracings which some of the latter leave out. 

The reason may , # that they can work with confidence 
if they know that all stresses are conducted back to the 
abutment bearings along a defined track. 

A top boom that is stayed, say, every 20 ft., is a strut 
20 ft. long, and can be calculated accurately to take its 
compression. It does not need to be made of any 
excessive width due to the length of the girders, thus 
wasting metal in many cases, and at the same time 
not achieving the p To say that the verticals 
act as shortening members to the booms is perhaps true, 
but if they do, they are either overstressed or un- 
economical, as they do their work indirectly. 

In Mr. Gribble we have an engineer who has sound 
ideas and who has obviously studied the best authorities 
and given much thought to the subject. I think he will 
agree with me that conditions should be laid down, not 
only as regards the stresses to he worked to, but also as 
regards the type of bracing and the minimum systems 
of members, to ensure that all stresses are conducted 
back to “earth” at the bearings, not by bending 
(except at the end posts of braced girders), but by means 
of itive members taking the stresses directly down 
their axes to properly articulated joints. 

As regards impact, it is obvious to me that a live load, 
however slowly moving, is not a dead load ; any rolling 
load must have a dynamic effect. No road bed is per- 
fectly even and at every rail joint there is a shock. 
Some of this is taken up by the rails bending a little more 
at the joints, owing to the cantilever effect not bei 
totally eliminated by the fishplates, but there must sti 
be a shock to the structure. 

If the experiments are conducted to distinguish between 
the effects of slowly and quickly moving locomotives, 
the result is only a difference in the amounts of impact, 
and can hardly give a true result showing the amount 
of impact over dead load. 

Bri calculations mostly have for their basis the 

uivalent dead load, which we may consider as that 





which would be applied by a flexible tank covering the 
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span, ard slowly filled with water up to the desired 
amount. 

It is true that a slowly approaching load gradually 
increases the. stress at a point in advance of it, but we 
cannot totally discount the shock due to uneven track. 

A common statement is to say that a structure is 
strong enough because it is carrying the load and has 
done so for years. We should ask the question ; is it 
doing so at a factor of safety of at least 4 on the equivalent 
total dead load ? 

It is high time that the whole question of bridge 
design in England should be set on a proper standard 
basis, as has been done in America, to a large extent. 
We are a nation dependent for our existence on what 
we sell to others, and in such an important article of 
trade as bridges, we should investigate and standardise 
until we can offer the world a sound reliable article at a 
smaller price than our competitors. 

Yours faithfully, 
Hueu R. Lewss, Assoc.M.Inst.C.E. 

October 9, 1922. 





“ECONOMY IN THE USE OF MACHINE 
TOOLS.” 
To tHe Eprror or ENGINEERING. 

Srr,—Referring to Mr. J. Pickin’s letter in your issue 
of September 29, in which he urges that investigations 
be made in regard to the cutting angles of lathe tools. 
This matter is one which has been under investigation 
by the Lathe Tools Research Committee of the Man- 
chester Association of Engineers, for some years. Their 
work has been supported by the Department of Scientific 
and Industrial Research, and a very complete report 
has been prepared by the committee. This report will 
be laid before the members of the Manchester Association 
of Engineers on January 26 next, by Mr. Dempster Smith, 
and as it is being printed by the Department of Scientific 
and Industrial Research for general publication, it will 
shortly be available to all interested. 

The report will be found to give a great deal of the 
information which Mr, Pickin desires. 

Yours faithfully, 
CHARLES Day, 
(Chairman, Lathe Tools Research Committee, 
Manchester Association of Engineers). 
Hazel Grove, near Stockport, October 6, 1922. 








“MARINE MECHANICAL STOKING.” 
To rue Eprror or ENGINEERING. 

Srr,--Further to my letter in your issue of Septem- 
ber 22 last, in which I made a short reference to marine 
mechanical stoking, I have since had the opportunity, by 
the courtesy of Mr. W. Wood, managing director of 
Messrs. The Underfeed Stoker Company, Limited, of 
inspecting the results just obtained with the Underfeed 
“KE” type mechanical stoker as applied to two Dutch 
steamships of the Koninklyke Paketvaart Maatschappy, 
Amsterdam. 

These vessels have made several voyages in the North 
Sea, a trip to the East (Java and the Dutch East Indies) 
and trading voyages in the East, and the results show 
10 per cent, to 15 al cent. saving in the coal bill as 
compared with similar vessels fired in the ordinary way, 
whilst other considerable advantages are found to be an 
absolutely even steam pressure from watch to watch, 
absence of black smoke, and much better conditions in 
the firehole, being practically equal in each of these three 
cases to oil firing. 

These results are certainly very striking and encourag- 
ing, and Mr, Muller, the chief engineer of the Koninklyke 
Paketvaart Maatschappy, is of the opinion that there is 
a great future in the mercantile marine for water-tube 
boilers with mechanical firing, and large combustion 
chambers. However, I understand a more detailed 
account of these highly interesting trials will appear 
in the press in the near future, so that it is not necessary 
to say anything further at the moment. 

I have collected a considerable amount of data relating 
to marine mechanical stoking, but, as already stated, 
it is a remarkable fact that hand firing has hitherto 
reigned supreme at sea for about a century, and I am 
afraid this is largely due to the ingrained conservatism 
of the average marine engineer, sppeee in everything 
relating to steam generation It is chiefly for the same 
reason that, for example, feed-water economisers, boiler- 
feed meters, and combustion recorders are also con- 
spicuous by their absence on marine boiler planta. 
Brunel's and other of the very first ideas for marine 
mechanical stoking never seem to have been seriously 
tried out, and the earliest record I can find of a real 
practical marine mechanical stoker is that of John 
Chanter, a civil engineer, of London. Chanter had a 
number of patents for black smoke-preventing devices, 
both hand and mechanically fired, and it is a little difficult 
at times to understand to which patent he refers, but 
his marine mechanical stoker seems to have been based 
on his patent 7306/1837, which is a coking stoker with 
peculiar semi-circular bars at an approximate general angle 
of 45 deg., so that the stoker had the appearance of the 
manger of a stable, the coal being fed in at the top from 
a hopper, and sliding down the bars, the ash and clinker 
falling out at the bottom. The first vessel fitted with 
Chanter’s stoker was the §.5. pate. at Dundee 
in 1840, and various West Indian mail boats were also 
equipped, such as §.8, Avon and Severn, belonging to a 
Bristol firm of steamship owners. Captain Sir William 
Edward Parry, R.N., Comptroller of Steam Machinery 
to the Admiralty, giving evidence before the House of 
Commons’ Committee on Black Smoke in 1843, stated 
that Chanter’s stoker was tried on the warship Pluto, 
but was not a success, being too cumbersome for marine 
work, although the black smoke was consumed. What 


.| the ennual meeting speaking of the necessity of 





happened subsequently to Chanter’s marine stokers is 
not related. 


Various other mechanical stokers have been tried at 
intervals for marine work, both of the coking (underfeed 
and overfeed) and ——— types, but have never been 
persevered with. Perhaps the most extended trials 
are those of the great Lake steamers in America, where 
various types of underfeed and chain grate stokers have 
been in use for a long time, and very extended trials 
were also carried out in the French Navy, mainly with 
chain-grate stokers, If Messrs. The Underfeed Stoker 
Company, or any other company, can apply mechanical 
stoking to marine work, then an important advance will 
have been made in marine engineering, and certain it is 
that one of the most important advantages of mechanical 
stoking at sea would be the great improvement in the 
working conditions of the firehole, in which oil shows 
to such great advantage. 

Yours faithfully, 
D. BRowntrie. 

4, Grangethorpe-drive, Burnage, Manchester. 

October 7, 1922. 





CATALOGUES FOR FOREIGN COUNTRIES. 
To THE Eprror oF ENGINEERING. 

Srr,—At the foot of page 407, in your issue of Septem- 
ber 29, there is a short paragraph dealing with a subject 
which one would naturally expect to be too self-evident 
to require further emphasis, or as a matter of fact, 
to require mentioning at all; it is the paragraph dealing 
with the necessity of British manufacturers having 
all catalogues and lists which they intend sending to a 
foreign Country printed in the language of that country. 

Last week, however, I called at the stand of the 
Federation of British Industries at the Lyons Fair and 
was surprised to find that out of approximately 90 
British s who had gone to the trouble and expense 
of sending out their lists for distribution to the French 
buyers, visiting the fair, only about 25 per cent. 
sufficient business intelligence and foresight to have them 
printed in French, and incidentally this 25 per cent. was 
not composed exclusively of the bigger firms. 

It is almost impossible to pick up a daily paper or 
technical journal at the present time without finding 
reference to the chairman of this or that company at 

* foster- 
ing our export trade, if the country is to be saved from 
ruin,”’ &c., &c., yet in face of the figures just given above 
I think that a little less talk and a little more action as 
regards trying intelligently to obtain foreign business 
would produce better results. 

After all it is the foreign buyer who decides whether 
our exports increase or otherwise, and no amount of 
talking in England will compel him to buy British goods. 
It is necessary to keep him posted as to what we can do, 
and posted in such a manner that he can obtain the 
information he wants as easily as possible, the first 
essential of which is, of course, to supply it in his native 
language. 

At a foreign exhibition or fair the defect of having all 
literature in English, may to a small extent be combatted 
where the firm has a stand of its own and a representative 
eapable of explaining and discussing intelligently the 
technical details, &c., of their manufactures, but in the 
present case, where the stand is what might be termed 
a@ co-operative one, and includes a tremendous variety 
of products, from sweets to firebricks, and explosives 
to woollen underclothing, it is impossible for the two 
F.B.I. representatives to be experts in all of them, 
consequently the literature sent out in English is really 
just so much expensive waste paper. 

Unfortunately, however, the effect does not end with 
the financial loss entailed by the short-sighted firms, but 
is creating a very bad impression as to the business 
capacity of British firms in general, the feeling being, that 
if we are too careless and negligent to supply the possible 
foreign buyers with information they can read and under- 
stand, in the event of an order being placed in England 
it would be treated in the same careless and slipshod 
manner (it must not be forgotten, too, that a Frenchman 
feels complimented when a foreign firm’ presents him 
with a catalogue in his own language). 

Then, again, quotations for abroad are almost in- 
variably (and any of your readers who have been abroad 
and endeavoured to do business with firms at home 
will bear me out), sent in English, or else weights, and 
dimensions are given in British units of which the 
tee 4 foreign buyer knows little and cares less. As 
rega prices, sometimes they are given “ F.O.R. our 
works,’’ or Manchester or other town, perhaps sometimes 
the estimating department will feel extra energetic and 
quote f.o.b. London or equal, whereas, what is wanted is 
the price delivered to the customer’s nearest port, 
including customs duties, &c., all of which information 
can easily be obtained in England. 

These unbusinesslike methods place the British 
manufacturer at a great disadvantage compared with 
others, especially the German, who is particularly careful 
over details of this nature; but there is however, one 
item about which there is rarely any necessity for the 
a buyer to ask for further or more explicative 
details, and that is the conditions of payment. 

Personally, I am of the opinion that the F.B.I. would 
be acting in the interests of British trade in general, 
if at any future foreign exhibition at which they have a 
stand, they refuse to accept the representation of any 
company whose literature was not in the language of 
the country concerned, and although this may seem 
rather arbitrary and drastic, something of the nature 
ap to be nec A 
‘o return to the Lyons Fair, however, I think that the 
most optimistic exhibits in the whole of the fair were 
two glazed bricks of English manufacture, each bearing 


a label in English to the effect that, the bricks were 
only samples as regards size and colour and the manu- 
facturer did not guarantee that any bricks supplied 
would be equal in quality to the two samples! 
Yours faithfully, 
C. Saxon. 
Talbot House, Arundel-street, Strand, London, W.C. 2. 
October 9, 1922. 





*“ LUBRICATION.” 
To THe Eprror oF ENGINEERING. 

Str,—Your reference, in your issue of October 6, to 
the article ‘‘ Lubrication,” by Osborne Reynolds in 
the tenth- edition of the Encyclopedia Britannica, in 
which there is ‘a statement which in your opinion might 
be interpreted to'mean that in the event-of turbulence 
taking place in the oil film, seizure would occur, is of 
psa Max interest, since I believe I am right in saying 
that no statement which could bear this interpretation 
can be found in Reynolds’ “Theory of Lubrication” 
(Phil. Trans., Royal Society, 1886). It would be 
generally Codiiened, I think, that ignorance of the 
existence of this short article is not inexcusable since 
Reynolds himself did not think it of sufficient importance 
to include in his published Scientific Papers. As you 
have now given your reasons for condemning the engineer- 
ing lubrication research proposals in the Report of the 
Department of Scientific and Industrial Research, 
perhaps I may be allowed to make a few remarks on them. 

In criticising the statement of Reynolds which you 
quote from the article in question, to the effect that when 
turbulence takes place “the fluid has no lubricating 
properties,’ it must be borne in mind that lubrication in 
the sense in which Reynolds used the term depends on 
the existence of a film between the surfaces of such 
thickness that its motion and pressure distribution are 
subject to the laws of hydrodynamics. On this hypothe- 
sis, therefore, when the pressure distribution in the 
film was such that its vertical component could no 
longer support the external load the fluid could be said 
to have no lubricating properties. It is now recognised 
that lubrication can take place (under certain special 
conditions which apparently are not fulfilled in the case 
of cylindrical journals) when the thickness of the film 
is only of molecular dimensions, and the motion is not 
subject to the laws of hydrodynamics, but this kind of 
lubrication is, of course, outsidethe Reynolds theory. 

Assuming, therefore, the existence of a state of lubri- 
cation of the Reynolds type, would the transition from 
steady motion to turbulence in the film disturb the 
pressure distribution to such an extent as to destroy 
the equilibrium of the bearing under the external load 
and the pressure of the oil? Anyone who has had any 
experience of the changes in pressure distribution, brought 
about by turbulence, in a fluid flowing through a channel 
of varying cross-section, would, in my opinion, have no 
hesitation in answering this question in the affirmative. 
For this reason, and apart altogether from the possibility 
of obtaining turbulence under practical engineering 
conditions of size and s , I am inclined to think that 
this particular research proposal is not unworthy of 
consideration. 

Further, as regards the general policy of undertaking 
research on cylindrical bearings in preference to one on 
Michell blocks, I would point out that one of the out- 
standing problems in lubrication is the investigation of 
the causes of the sudden transition from a state of 
lubrication of the Reynolds type to seizure in the case 
of cylindrical bearings under quite moderate pressures. 
The solution of this problem is, undoubtedly, of the 
greatest practical importance in the development of the 
internal-combustion engine. 

Yours faithfully, 
T. E, Sranton. 

The National Physical Laboratory, Teddington, 

Middlesex, October 9, 1922. 


[We do not agree with the suggestions put forward 
in.the third paragraph of our correspondent’s letter. It 
seems certain to us that so soon as the motion of the 
lubricant in a bearing threatened to be turbulent the 
surfaces would close together, damping the turbulence 
out, and in any case there would be present the films 
in viscous flow adhering to the surfaces, which having 
a thickness very far in excess of the diameter of a mole- 
cule are certainly fit subjects for Reynolds’ analysis. 
We hope, moreover, that it is not yet quite certain that 
the lubrication obtained with films of molecular thickness 
is different in kind to ordinary lubrication, as Reynolds’ 
theory is the only one which enables a mental picture 
of the phenomena to be formed. It is much to be 
desired that those investigating this special type of 
lubrication will either see their way to fitfin their results 
with Reynolds’ theory or else give us, some equally 
illuminative picture of how the lubrication is effected.— 
Ep. E.] . 





Roap Motor TRANSPORT ORGANISATION.—In an 
article under this title in the Bulletin of the Federation of 
British Industries, Mr. E. 8. Shrapnell-Smith states that 
on the occasion of the debate in the House of Commons 
on the second reading of the Road Powers Bill, Mr. J. H. 
Thomas had the temerity to decry the ‘“ Monopoly 
of the road haulage people. But he has not answered the 
challenge of the Commercial Motor Users’ Association 
to name the road monopolists. He cannot doso. They 
have no existence in fact. The article proceeds to state 
that there is not sufficient work for the 35,000 responsible 
road hauliers now owning and working road motors ™m 
Great Britain, still less for the railway companies which 
desire to start up in a business hitherto foreign to them. 
Direct road motor transport, point to point, is not the 





railway’s sphere of trade. 
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THE BRITISH ASSOCIATION. 
(Concluded from page 422.) 
SECTION B.— CHEMISTRY. 


THE compact programme arranged for Section B 
may be said to well illustrate the gradual merging 
of theoretical into applied chemistry. The presi- 
dential address and papers on the constitution of 
the carbohydrates and sugars led over to general 
discussions on the constitution of organic com- 
pounds as revealed by various studies, including 
X-ray examination, and on photosynthesis and syn- 
theses generally, in the plant organism and in the 
laboratory, and finally as practised in works, in the 
technical hydrogenation of fats and in the fixation 
of nitrogen. Papers on colloids, and visits to the 
chemical works, the Canister Works of Messrs. 
Reckitt and Sons, to the British Oil and Cake Mills, 
to the Cement works of Messrs. G. and T. Earle 
and the Humber Portland Cement Company, 
and to the Scunthorpe Iron and Steel Company, 
fitted well into the programme. The sectional 
meetings in Waltham-street Hall, held under the 
presidency of Principal J. C. Irvine, F.R.S., of St. 
Andrews, were well attended. There were joint 
meetings with other sections. The sectional officers 
were: Professor Cecil H. Desch (of Sheffield), 
Recorder ; and Dr. H. McCombie, Dr. E. H. Tripp 
and Mr. A. R. Tankard, F.1.C. (of Hull), Secretaries. 


THE ORGANISATION OF RESEARCH: CONSTITUTION 
OF THE CARBOHYDRATES. 


Professor Irvine dealt with two different subjects 
in his address. His drawing attention to the first, 
the organisation of research, may possibly appear 
to come a little late; but the subject is of deep 
concern to teachers who, crowded with students, 
have neither the means, nor the time for a prose- 
cution of research such as they have at heart. As 
to that Professor Irvine was certain of the full sym- 
pathy of the meeting ; whether also as to the pro- 
posed organisation, is not so certain. The guidance 
and inspiration of research students, he pointed 
out, was a harrassing duty. The advisor must 
possess versatility ; for though a “ research school” 
would preserve one particular type of problem, for 
the benefit of that problem, there should be sufficient 
variety to avoid narrow equalisation. Individual 
attention to each student was the first necessity, 
but research supervision involved the complete 
absorption of the professor’s energy and leisure, 
and he should be relieved in a great measure of 
teaching and administrative work. Special atten- 
tion should be paid to the general culture of the 
student, to business habits, the systematic compila- 
tion of records and to avoidance of waste and 
extravagance. At present the main bulk of sup- 
port was afforded to the research apprentice, 
which made the advisor’s task all the harder. 

To meet the difficulties, there should in each 
institution be a board or standing committee 
entrusted with the supervision of research, especially 
to allocate the money voted for such purposes, to 
recommend additions to the teaching staff in re- 
search departments, to recommend promotions for 
achievement and to supervise the regulations 
governing higher degrees. The specific problems of 
the board would be the creation of a research 
library, the provision of publication grants for 
memoirs which might otherwise be lost, and the 
allocation of travelling grants for visiting libraries 
and meetings and inspecting works—all desirable 
objects which, we believe, the Dominions are more 
ready to support than the old country is. The 
higher degrees might be left to take care of them- 
selves, however. As regards the selection of the 
research student by the supervisor, one might rather 
suggest that the student should select his professor 
or the university at which he knows that the line 
of research he is interested in is being cultivated. 
But Professor Irvine had enough to discuss without 
going into the wider question of university organ- 
isation. 

The second part of the address, on “ Some Re- 
search Problems in the Carbohydrates,” cellulose, 
starch and inulin, was equally important, though 
hardly conforming to the style of a presidential 
address. This part consisted, in fact, of five 
separate papers by Professor Irvine and his colla- 





borators, Doctors W. 8. Denham, E. L. Hirst, 
John Macdonald, Ettie Steele, and others on 
cellulose, starch, synthetic dextrins and inulin. It 
dealt with constitutional problems which, though 
fundamental for all biochemical processes, are far 
less well understood than may be thought. The 
large family of the carbohydrates comprises the 
sugars. They all contain, in their main chains, 
twice as many hydrogen atoms as oxygen atoms ; 
hence the name carbohydrates, In glucose (starch 
sugar), e.g., and in other hexoses, there are six 
carbon atoms, and the formula is C,H,,0,. But 
in many of these compounds several molecules are 
polymerised. Thus the formula of starch (con- 
taining one H,O less than glucose) is written 
(C35H,,0;)¢; the value of the x is not settled ; 
some chemists still doubt whether all the members 
of the starch molecule really have that formula, 
and there is more uncertainty as to the exact con- 
stitution of the mono and polysaccharides. Pro- 
fessor Irvine and the St. Andrew’s school have 
been studying these problems for twenty years, 
largely by methylisation (replacing one of the 
H by CH;). He and his collaborators find that 
glucose is alone the basis of cellulose, that starch 
is an anhydro-trisaccharide, that inulin consists 
entirely of y-fructose residues, and that the poly- 
saccharides are less complicated than they appeared. 
But the constitution of cane sugar remains an 
unsolved problem, as Dr. E. F. Armstrong pointed 
out in seconding the vote of thanks to Professor 
Irvine, proposed by Sir Edward Thorpe. Further 
contributions to the solutions of these problems 
were subsequently made in further papers by Dr. 
Helen Gilchrist on “ The Constitution of Synthetic 
Fats, containing a Carbohydrate Chain,” by Mr. 
John Pryde, on “A New Type of Nitrogenous 
Sugar Derivative,” and one by Dr. E. L. Hirst on 
“The Constitution of Esparto Cellulose.” This 
cellulose differs from other celluloses, containing 
xylose residues in addition to glucose residues. 
All these papers came from St. Andrews. 
PHOTOSYNTHESIS. 

Sugars again played a very important part 
in the discussion on “ Biochemical Problems of 
Chloroplastic Photosynthesis,” which Sections B 
and K (Botany) discussed together from various 
aspects in connection with papers by Professors 
E. C. C. Baly, F.R.S., and L. M. Heilbronn and C. 
Hollins (all of Liverpool); of Dr. F. F. Blackman, 
F.R.S., Dr. F. C. Eve, Mr. G. E. Briggs, and others. 
We will risk putting the problems in a few words. 
The carbohydrates, the staple food of many animals, 
are built up by plants only, which first have to 
form chlorophyll; that formation requires light. 
The seed will send out shoots in the dark, but they 
remain colourless, and most plants will not really 
develop in the absence of light. In the presence of 
light the chlorophyll formed is able to transform 
its carbon dioxide and water, taken up from the 
atmosphere and ground, into formaldehyde, not 
in the condition of the well known antiseptic, but 
in a very active condition. 

This formaldehyde is ready at once to pass, 
in the further presence of potassium nitrite, a 
normal constituent of the growing leaf, into form- 
hydroxamic acid, and by further reactions, into 
a-amino acids and nitrogen bases, leading on to pro- 
teins. By another line of reactions formaldehyde is 
photosynthetised into hexoses, sugars, &c. These 
transformations have actually been achieved in 
the Liverpool laboratories and elsewhere by ultra- 
violet light and, in the further presence of certain 
basic coloured substances, also by visible light— 
on a most inefficient scale, it is true. It takes days 
to synthetise milligrams of those sugars. We do 
not yet understand the amazing efficiency of the 
living cell, and the energy relations, with which 
some of the other speakers further dealt, still 
remain obscure. 

Dr. E. F. Armstrong and Professor R, Robinson 
expressed their doubts, during the discussion, 
whether the formation of cane sugar, the singular 
formation of the cinchona alkaloids, and other 
essential reactions were really explicable as sug- 
gested, whilst Professor H. H. Dixon, concluding the 
discussion, had general doubts as to the chemists’ 
possibilities. But physiology and chemistry are 
certainly drawing nearer to one another. 


VALENCY AND PoLariTy IN ORGANIC CoMPOUNDS. 


With the next-discussed problems, those of 
“Valency and Polarity in Organic Compounds,” 
we must also deal very briefly, and the task will be 
equally risky. The modern electronic theories of 
the physicist came less as a surprise to the chemist 
than is often assumed; but the chemist was more 
fully alive to the enormous complexities of the 
problems. To him the question of what keeps the 
atoms together, what enables two elements to 
unite in forming an endless variety of compounds, 
with certain common characteristics, often differing 
entirely from those of the constituents, had long 
been present as the valency problem. The chemist 
studied’ these problems in their various aspects 
by preference in the apparently more complicated 
domain of organic chemistry rather than in the 
simpler inorganic chemistry, because he had learnt 
to modify, step by step, those organic derivatives to 
an extent of which inorganic chemistry did not 
admit. The valency electrons are the bonds of 
the chemist, and he tries to adapt the physical 
views of J. J. Thomson, Stark, Bohr, Kossel, Lewis- 
Langmuir and Born-Landé to the older, more 
developed chemical hypotheses, now particularly 
associated with thé names of Abegg, Werner, 
Fliirscheim and Lapworth 

At Hull Professor R. R. Robinson, F.R.S., of 
Edinburgh, introducing the discussion, remarked 
that it mattered little perhaps whether we said that 
two atoms shared electrons on more or less equal 
terms (the covalency electrons of Werner which, in 
ammonium chloride, NH,Cl, bind the four H 
to the one N) or whether we assumed the electron 
to pass over (from sodium to chlorine in the polar 
compound Na +,Cl—; electrovalency). Dr. Robin- 
son would call an atom negative when it is sur- 
rounded by a stable octet of electrons or when it 
tends to attach electrons to make the octet stable. 
The introduction of electronegative atoms like 
oxygen would increase the power of the molecule 
to retain electrons, and the unsaturated carbon 
atom might be positive or negative. He further 
distinguished between general and alternate con- 
jugated or non-conjugated polar factors; he sug- 
gested that, when 4, 2, 4 electrons separated various 
radicles there would be a tendency to change the 
grouping into the more stable shape 3, 3, 3, leaving 
one electron free to move on, and that in the 
benzene ring, the electrons moved, not from atom 
to atom, but into new positions in different octets. 

Dr. J. Kenner, of Sheffield, following him, partly 
agreed, pointing it that the practice of labelling 
atoms as positive or negative was correct only in 
so far as it indicated the conditions the atoms tended 
to assume ; but he differed as to Robinson’s view of 
induced polarity, the influence which the formation 
of a closed octet round one atom would have on 
others. Dr. Kenner accepted Lapworth’s views 
rather as to these influences or constraints exerted 
by the atoms. Dr. N. V. Sidgwick, of Oxford, 
was very sceptical as to the suggested alternation 
of polarity and as to the ability of Langmuir’s 
static model atom to account for the chemical reac- 
tions of disturbed atoms ; we had to regard the atom 
as a dynamic system. Professor A. Smithells and 
G. T. Morgan hesitated to express any decided 
opinions. 


Tue Structure OF ORGANIC CRYSTALS. 


In addition to his Section A. lecture on “ The 
Significance of Crystal Structure,” Sir William 
Bragg gave Section B a discourse on “ The Struc- 
ture of Organic Crystals.” In both he dwelt on the 
unit crystal as the smallest portion of a crystal 
which, repeated through space without change of 
orientation or character, contained within itself 
every kind of atom and of bond and every property 
that the crystal as a whole possessed. Some of 
these properties were those characteristic of the 
atoms and molecules in the gaseous and liquid 
states; but the solid crystal had in addition 
elasticities, expansions, conductivities, and optical 
properties varying in different directions, and for 
those the form of symmetry was decisive. The 
crystal of rock salt had so many planes and axes 
of symmetry that a unique solution as regards the 
many possible configurations had once been obtained. 





Diamond and blende were similar cases ; in calcite 
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the distance between the carbon and oxygen atoms 
could not have been determined, if the X-ray 
analysis did not, by the intensities of the reflections, 
strengthen arguments as to the dimensions of the 
atoms based in the first instance upon the grouping 
of the lines. 

The crystals of organic compounds now con- 
tained so many distinct molecules and, in that, 
differed from polar compounds such as rock salt, 
in which there were no molecules, but only positive 
and negative ions, and from diamond, the whole 
crystal of which might be considered a single 
molecule. The bonds binding the atoms of the 
organic molecule together were so strong that the 
molecule as a whole preserved its identity. The 
weakness of the bonds joining organic molecule 
to molecule was the cause of the low melting points. 
The order of symmetry was low in the bulk of 
organic crystals, most of them being monoclinic. 
If we started from an asymmetrical molecule, and 
followed what was apparently Nature’s plan, we 
could construct a crystal unit of two molecules by 
rotating the one through 180 deg.; that would be 
the symmetry of the monoclinic bisphenoidal 
crystals, e.g., of tartaric acid, each cell of which 
consisted of two molecules, the molecule itself 
probably having no symmetry at all. In naphtha- 
lene we had two such cells, and we might imagine 
the four asymmetrical molecules A, B, C, D arranged 
so that B was the image of A across the principal 
plane of the crystal, C derived from A by rotation 


through 180 deg. and D derived from B by rotation, 


or from C by reflection, or from A by inversion 
about the centre of symmetry. 

Having further exemplified these symmetry 
considerations, about which X-ray examination 
alone gave us information, Professor Bragg stated 
that the next step, the arrangement of the benzene 
rings to fit the facts observed, could not well be 
taken yet. But Mr. Astbury had recently worked 
out the dimensions of the tartaric acid crystal with 
results of far-reaching interest. The crystal showed 
two independent spiral twistings. The one twist- 
ing, in the carbons of the core of the molecules, had 
nothing to do with the crystal structure, and 
should hence be observed in the solution of tartaric 
acid as well as in the crystal. The other twisting 
was in the hydroxyl OH groups, and was clearly 
caused by the structure, being in fact an effort to 
undo the twist in the carbon atoms so as to main- 
tain the same orientation for successive molecules ; 
that twist would disappear in solutions and would 
be modified by various means, chemical and phy- 
sical. Thus the rotary power of tartaric acid 
would be due to two turns, one nearly constant, 
the other variable down to non-existence, and 
that was in accord with the ideas of T. M. Lowry. 

Tue HypDRoGENATION oF Fats. 

In opening the discussion upon “The Hydro- 
genation of Fats,” Dr. E. F. Armstrong, F.R.S., of 
Messrs. John Crossfield and Sons, Warrington, stated 
that the problem was almost ideal for the student of 
chemistry and of chemical industry. According to 
text books Sabatier and Senderens had discovered 
fat-hardening in their epoch-making researches on 
the hydrogenation of organic compounds by the aid 
of catalytic nickel. But Sabatier had expressly 
stated that he observed no reaction whatever when 
he mixed nickel and hydrogen with a liquid fat. Dr. 
Wilhelm Normann had first risked his money in 
these endeavours ; the process could not succeed 
on a small scale, however, and did not thrive until 
Normann came to England, and the work passed 
from Teutonic into British hands. As Normann had 
imparted some information to a Russian who worked 
independently, two sets of patents occupied the early 
field, giving rise to much litigation. Few of the 
enormous number of those patents would work ; 
that was typical of the chemical industry and stood 
in the way of its development, particularly-in this 
country. Moreover, most manufacturers forgot 
one, if not two, of the three main cost factors to be 
considered; plant, operation, and maintenance and 
repair. Leaving the manufacture of hydrogen to 
others who were to follow him, Dr. Armstrong only 
remarked that with cheap water power electrolytic 
hydrogen was made on the Continent at 2s. 6d. per 
1,000 cub. ft., and that the catalytic preparation by 
passing steam over hot iron was, on a very large scale, 





best worked on the alternative plan of the Badische 
Anilin-und Soda-Fabrik, which reduced the iron 
oxide formed by means of water gas. 

The preparation of the technically most suitable 
catalyst, nickel, looked very simple ; but to secure 
the maximum clean surface required very careful 
attention to details. Kieselguhr was saturated 
with a nickel salt which was precipitated in situ 
and then reduced at not too high a temperature ; 
any melting must be avoided. When mixing the 
catalyst with the oil the large surface had to be 
preserved ; if we rubbed glue over the surface we 
stopped the pores, and the albumenoids and gums 
in oils would, if present, have the same effect; 
hence the o’l should thoroughly be cleaned before 
bringing it into contact with the catalyst; that 
could best be done in a continuous process, at an 
elevated temperature, with or without pressure. 

As regards the nature of the reaction it had been 
assumed that the hydrogen was in some way 
adsorbed by the nickel and passed on to the oil in an 
activated condition. Dr. Armstrong favoured a 
more modern view, suggesting that it was the 
organic compound which came up to the nickel, and 
that a compound was formed between nickel and 
the CH-radicles of the chains which were joined by 
double bonds to other CH members and by single 
bonds to the CH, radicles. The surface-addition 
compound would have the thickness of one molecule. 
That view had been criticised by Bancroft, to whom 
he (Dr. Armstrong) could not reply without going 
further into the kinetic relations than time would 
permit. But he would point out that working with 
clean fresh materials, we would observe the combined 
rate of the formation and destruction of the com- 
pound; the formation was probably the slower 
part of the process, but if there were no destruction, 
we should get no hardened oil. The isolation of the 
additional compound was not possible, therefore, 
if the process were successful. His view was 
supported by various experiments, made by stopping 
the reactions at different stages and by introducing 
some organic substances which would go for the 
hydrogen, so that the stearic acid formed was 
actually dehydrogenated to oleic acid. In thanking 
Dr. Armstrong for his lucid statement, Professor 
Irvine assented to this view, and expressed the hope 
that the days were over when it was demanded that 
unstable additive compounds must be presentable in 
a bottle. 

Mr. E. R. Bolton, F.I.C., of London, who spoke 
next, covering also the whole ground, regretted with 
Dr. Armstrong that the technical application of an 
apparently simple colloidal reaction had inspired 
some 300 patents, and that one could not put forward 
some sound scheme of patent law reform. The 
hydrogen could purify an oil; but most impurities 
should be removed before the catalytic treatment to 
avoid waste of the catalyst. Nickel was almost 
universally employed, and platinum and palladium 
could not compete with it, unless working at low 
temperature, to avoid destruction of vitamins, were 
to be insisted upon. Comparatively little hydrogen 
was needed by weight, a few pounds per ton of oil 
perhaps ; but that hydrogen took up large volumes. 
Engineers had devised elaborate machinery for 
violently agitating the mixture ; the real point was 
to keep the oil saturated with hydrogen and in 
contact with the catalyst. Three ‘chief types of 
plant were used: A vessel full of oil containing the 
catalyst in suspension, through which hydrogen was 
mechanically circulated ; a vessel full of hydrogen 
into which an intimate mixture of oil and catalyst 
was introduced ; or a vessel containing the catalyst 
through which oi] and hydrogen were circulated. 
The ideal would be a continuous process using a 
catalyst capable of revivification in situ ; Mr. Bolton 
suggested that this could be done in open vessels 
at 180 deg. C. 

Professor J. W. McBain, F.1.C., of Bristol, 
referring to the colloidal side of the problems, said 
that the conception of colloid chemistry had mainly 
been built up on aqueous solution, in which every- 
thing was covered with ions; there were no ions, 
however, when oil was the solvent, but a new branch 
of colloid chemistry was being developed. Dr. E. J. 
Lush, A.I.C., of London, speaking next, mentioned 
that he had seen the catalyst misused for the puri- 
fication of the oil in a small factory, in which they 





hardened the oil within 15 minutes, explaining that 
the catalyst became inactive with slower working ; 
but their hardening of a ton of oil cost about 2/. in 
catalyst. Mr. A. R. Tankard, F.L.C., the Hull 
city analyst, referred to the possibilities of nickel 
poisoning. In the early years hardened fats had 
contained appreciable traces of nickel, but he had not 
detected any nickel for some time now. Mr. Bolton, 
in his reply, maintained that no injury to health 
from the presence of nickel need be feared; the 
fat would not contain more than one part in ten 
million. 
Tue Stupy or Soap SoLvrions. 

In presenting this paper, Professor J. W. McBain, 
pointed out that the study of soap solutions threw 
light on the subject of colloid chemistry. Incidentally 
information was accumulated and published which 
should enable the soap manufacture—it does so to 
a small extent, so far—to obtain better products 
much more directly, quickly and economically. 
Soaps were a prototype of a large class of substances 
of industrial importance, and they lent themselves 
particularly to study owing to their great variety 
and their relatively simple formule. Yet there 
were a large number of current irreconcilable 
theories as to the main constituents, which Professor 
McBain finds in the ionic micelle. That hydroxyl, 
he said, was a minor constituent of soap solutions 
was proved by various methods, electromotive 
force, catalysis, conductivity, and ultra-filtration. 
When a solution appeared to be colloidal from its 
conductivity, freezing-point, high viscosity and low 
osmotic pressure, it would not pass through a dense 
membrane either; the particles of sodium oleate, 
e.g-, were larger than 75 wp» and must contain 
hundreds of molecules. The ionic micelle seemed 
to be an aggregate of ten simple fatty ions; it had 
an extremely high electric conductivity. Miss 
Laing’s experiments proved that, when a soap 
solution was settling to a clear jelly, the jelly had 
exactly the properties of the original solution, save 
that it had acquired elasticity and rigidity; the 
electric conductivity remained unaltered. The 
various experiments pointed to the fact that soap 
solutions were not emulsions, but that solution and 
jelly had the same unit-aggregate which in the jelly 
was linked up to innumerable threads (micelle) or 
other more or less oriented structures without losing 
their identity. The same conclusion might be 
extended to gelatin and proteins. 


CoLLor CHEMISTRY. 


The fourth report of the Committee on “ Colloid 
Chemistry and its general and Industrial Applica- 
tions ” (Professor F. G. Donnan, F.R.S., chairman, 
Mr. W. Clayton, secretary), draws attention to more 
than a dozen recent publications, papers and books, 
on these matters, comprising lubrication, flotation, 
rubber and colloidal fuels. 

SmoKEs oR Sotip DisPersE SysTEMs IN AIR. 

In presenting this very interesting paper by 
himself and Mr. Y. B. Speakman, Dr. R. Whytlaw- 
Gray, of Eton College, remarked that it was possible 
by various methods to prepare dilute smokes of so 
high a degree of dispersion that the particles were 
comparable in size to the particles of colloidal 
solutions. Counting these particles by a modifica- 
tion of Zsigmondy’s slit ultra-microscope and 
plotting the number per cubic cm. against the age 
of the smoke, they had found that there was first 
a quick aggregation of the particles, which had not 
before been determined quantitatively, followed 
by a slower change. Weighing the particles (after 
filtration through asbestos) with the aid of his 
micro-balance of quartz glass, sensitive to 0-0002 
milligram, Dr. Whytlaw-Gray found that the weight 
concentration diminished much less rapidly with 
time than the number of particles. The combination 
of the results, numbers and weights, gave the average 
weight of the particle at different periods and the 
increase in size. When prepared by volatilising 
metals in the electric arc, smoke particles consisted 
of oxides. The oxides of zinc and cadmium agglome- 
rated in long threads or irregular strings, in which 
individual particles were clearly visible ; the oxides 
of copper, CuO, lead PbO, and chromium Cr,0;, 
formed compact masses. The further study of these 
solid dispersers over systems promises to elucidate 
the mechanism of colloidal processes. 
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CoMPRESSIBILITY AT H1GH PRESSURES. 


A communication from Mr. Erskine D. Williamson, 
of the Geophysical Laboratory, Washington, con- 
cerned the work done in that laboratory, partly 
by the methods of P. W. Bridgman, on the com- 
pression of solids and liquids to 12,000 atmospheres 
and more at temperatures raised in some cases to 
1,300 deg. C. The apparatus used, which largely 
rely on electric methods of indication, were not 
found sufficiently accurate for the low pressure 
range, and a new type of pyknometer was recently 
devised to fill that gap. This pyknometer allows of 
taking continuous i by means of a movable 
contact. To study the chemical effects of pressure 
on systems of several components the compressibility 
of each component must be known, and even in 
the case of a simple solution of salt in water, other 
measurements, of density-composition, vapour 
pressure, &c., are required. Mr. Williamson referred 
to these difficulties, mentioning that the work on 
aqueous solutions of common salt was nearly 
complete. 

Tue NITROGEN INDUSTRY. 


The discussion on the Nitrogen Industry, which 
occupied most of the last day of the transactions of 
section B, was opened by Dr. J. A. Harker, F.R.S., 
of Westminster. We hope to print an abstract of 
his address on the “ Post-War Progress on the 
Fixation of Nitrogen” in an early issue. 

MATERIALS FOR MakInG SYNTHETIC AMMONIA, 

HYDROGEN AND NITROGEN. 


The paper by Mr. J. H. West, A.M.Inst.C.E., 
whieh followed Dr. Harker’s address, was read by 
Professor Desch in the author’s absence. It did 
not deal with the Claude process. Mr. West pointed 
out that the cost of producing synthetic hydrogen 
was largely dependent upon that of hydrogen. 
Electrolytic hydrogen was very pure, but the battery 
installation cost £5 per electric horse-power, 
together with £2 10s. for rotary converters ; even 
with very large plants of cells, taking 10,000 to 
15,000 amperes each, it would require more than 
7,000 kw. to produce 1,000,000 cub. ft. of hydrogen 
per 24 hours. 

The Lane process of decomposing steam over red- 
hot iron was also too expensive. There were various, 
partly complex coal-steam and water-gas processes. 
Many coals contained 5 per cent. by weight of 
hydrogen, equivalent to 21,000 cub. ft. per ton of 
coal; one quarter of that hydrogen would be set 
free on distillation. That hydrogen could be 
isolated from the coke-oven gas by absorbing the 
CO, (carbon dioxide) in water under pressure, 
liquefying the other gases and removing the last 
per cent. or two of CO (carbon monoxide) by washing 
with ammoniacal cuprous chloride; those gases 
might also be converted, together with part of the 
hydrogen, into methane in the presence of a 
catalyst. Complete removal of the CO was impera- 
tive since this gas was a deadly poison to the 
ammonia catalyst. There was next the interaction 
of steam and hot coke, giving water gas with 50 per 
cent. of hydrogen and 40 per cent. of CO, the yield 
being about 55,000 cub. ft. of gas per ton of coke. 
This CO might further be caused to react with 
steam in presence of a catalyst to yield CO, and H. 

Finally, there was the new process of Dr. A. 
Jaques and Mr. West himself which combined the 
distillation of coal in a retort, the formation of 
water gas and the conversion of the CO produced 
in these two operations into CO, and H by reaction 
with steam and a catalyst in one apparatus. This 
process gave the maximum yield of hydrogen per 
ton of coal and avoided the heat and carbon losses 
involved in withdrawing and quenching the hot 
coke. The hydrogen of the coal was practically 
all liberated by passing the crude coal gas through 
a hot zone in the producer so that all the tar oils and 
hydrocarbons, such as methane, were cracked and 
split into hydrogen and carbon, the latter reacting 
with steam to form water gas. That process was 
carried out in a modified form of Tully Complete 
pr = Plant, the only products being gas and 
ashes. 

Nitrogen could be made in an ordinary liquid-air 
plant at a cost of a few pence per 1,000 cub. ft., and 
the residual gas containing 65 per cent. of oxygen 
might be employed for the oxidation of ammonia 





to nitric acid. In the Haber process, water gas 
was mixed with air-producer gas so that sufficient 
nitrogen remained in the mixture after treatment 
for the conversion of the CO, the final adjustment 
to the exact proportions of 3H to 1N being 
effected by adding a little pure nitrogen obtained 
from liquid air to the mixture. 


THE HAvsser Expiosion Process. 


The contribution by Mr.'F. C.J. Goodwin, A.C.G.L, 
B.Sc., on “ Prospective Developments of the 
Haiisser Explosion Process of Nitric Acid Synthesis,” 
which was also read by Professor Desch, hardly 
carried the matter further than the article which we 
published on page 230 of our issue of August 5, 1921. 
Mr. Goodwin mentioned that he had designed a 
plant for the Belgian Government in 1912, comprising 
a very compact acid absorption tower system which 
had since given improved results in connection 
with a Hiausser plant. The Hiiusser process, it 
was noteworthy, could be worked on small scales, 
whilst the other nitrogen fixation processes could 
be profitable only on very large scales; further the 
motive power for compressors, pumps, etc. was 
fully covered by suitable methods of heat and 
energy recovery within the Hausser plant. On these 
latter features further information would be very 
desirable ; but Mr. Goodwin only said that the 
most rational solution might ultimately be found in 
the use of a special gas engine or preferably a 
modified type of Humphrey pump, to convert some 
of the calorific power of the gaseous or liquid fuels 
into useful energy. 


WaTER PowEr AnD NITROGEN FIXATION. 


An abstract of this contribution to the discussion, 
by Dr. E. B. Maxted, of Wolverhampton, will be 
printed in an early issue. 

In the general discussion, Mr. E. Kilburn Scott 
pleaded vigorously both for the are processes, 
which alone could use off peak-power, and for water 
power. More was done in this country, he said, in 
both respects, than had been stated, but much 
more should be done over here and in the 
Dominions. Calcium nitrate was the best fertiliser. 
The are, Dr. Maxted pointed out, is recommended 
for making nitric acid, but hardly for fertilisers. 

Furi Economy. 

The fifth report of the Committee on Fuel 
Economy (Professor W. G. Bone, F.R.S., chairman ; 
Mr. R. Mond, M.A., secretary), a pamphlet of 
17 pages, will not have any successor; the com- 
mittee did not ask for re-appointment. The report 
is partly statistical, dealing with the coal situation 
and with oil fuel supplies—present and future. 
Other sections discuss progress in the chemistry of 
coal and of brown coal and lignite, domestic heating 
and cooking appliances, steam raising and power 
production and smoke abatement, 


ATMOSPHERIC Dust. 


The last paper read, a communication by Dr. J. 8. 
Owens on Atmospheric Dust, gave further particu- 
lars as to his recent work done mainly with his 
new apparatus which we mentioned in our account 
of the Royal Society Soirée (ENGINEERING, May 26, 
last, page 660). A brass tube, about a foot long 
(a hand pump) is joined at right angles to another 
tube through which the air to be examined is 
drawn; this tube is lined with blotting paper 
which is kept damp. The air enters a circular 
chamber, about 10 mm. wide, through a narrow 
slit, and escapes into the annular space round the 
chamber after striking at high velocity a micro- 
scope cover glass mounted about 0-1 mm. above 
the slot ; on the glass the dust settles as spray or 
solid particles, which are microscopically examined. 
The dust is partly cosmical; over the sea and in 
southern Spain and Portugal Dr. Owens found 
salt crystals; but there are also peculiar beady 
particles, like glass, insoluble apparently, which 
have no connection with the general smokiness of 
the air, but may influence the visibility. Dr. Owens 
also places electrodes (metal strips mounted edge- 
ways) in his little camera; when a stick of rubbed 
sealing wax is approached the particles, if dry, are 
violently agitated and travel to the one or the other 
pole. He gavesome curious figures as to the smoke 
particles in the foggy-morning air of Hull and the 
pure air collected later in the day on the sea side. 





The’ manipulation of his little portable apparatus 
which is very promising could not be simpler. 


DISCOURSES AND LECTURES. 


The first of the two evening discourses was to 
have been delivered by Professor D’Arcy Thompson, 
of St. Andrew's. As he was ill shortly before the 
meeting, Professor W. Garstang, of Leeds, took his 
place, giving his own discourse on the same subject, 
“ Fishing, Old Ways and New.” The view, which 
he advocated, that overcrowding of fish like plaice 
in certain districts was more responsible for any 
growing local scarcity of these fish than destruction 
of immature fish, was criticised in discussions of the 
subject in the Zoology Section, D, though Professor 
Garstang could point to successful transplantation 
of young fish. The other discourse was by Dr. F. W. 
Aston, F.R.S., of Cambridge, on “The Atoms of 
Matter: their Size, Number and Construction.” 
There were, in addition, five Citizens’ Lectures, not 
intended for members of the Association, and three 
Children’s Lectures, the latter a novelty. Among 
the former we mention those by Dr. E. A. Griffiths, 
on “ The Conservation and Dissipation of Energy ”’ ; 
by Professor A. P. Coleman, of Toronto, on 
“Labrador”; by the Rev. A. L. Cortie, 8.J., on 
“The Earth’s Magnetism”; and by Dr. A. Smith 
Woodward, on “ The Ancestry of Man” ; among the 
latter, one by Professor H. H. Turner, on “ The 
Telescope, and What it Tells Us.” The place of 
Professor Hjort, who was further to have lectured 
on “ Scientific Fishing” at Grimsby, was taken by 
Professor Stanley Gardiner. All these lectures 
drew large, highly appreciative audiences. 


ConcLupina REMARKS, 


The success of the Hull meeting, favoured even 
by the weather, surpassed anticipations. President 
Sherrington’s memorable address on “ The Animal 
Mechanism,” which called forth concordant and 
discordant echoes in the sectional proceedings ; 
the debates on continental drift and the origin 
of coal; on fishing; on matters economical, 
unemployment, productivity, and useful and harm- 
ful ways of working; on the various problems of 
evolution, and on the development of natural 
resources, would claim as much interest as the 
proceedings of the Sections on which we have been 
able to comment at some length. The Agricultural 
Section, M, failed, however, to attract the farmers 
of the fertile, agricultural country north of the 
Humber. But local participation must largely 
have contributed to the final swelling in the numbers. 
On the day before the opening of the meeting the 
number of members was about 1,150; by the 
end of the meeting it had risen to 1,730. 

Expecting something like a rush of hesitating old 
members on the last days, the Local Committee had 
been anxious, in the early weeks, to secure accommo- 
dation in the small hotels of Hull and district and on 
the sea side. The latter involved railway journeys 
of nearly an hour each, inconvenient for repeti- 
tion twice a day. The Committee hence kept the 
Reception Room, which is generally closed at 6 p.m., 
open all the evening and on the Sunday. Members 
had reason to be grateful. They were also granted 
a privilege mindful of olden days, free tramway 
fares, and for that and other purposes they were 
provided with badges, each bearing a number, by 
the aid of which, and the members’ list, any member 
could be identified. The Daily Time Table enumer- 
ating all the papers to be read that day in the 
13 Sections, and the hours appointed, was another 
welcome innovation. Some alterations in the 
agenda could not, however, be avoided. 

Members were also pleased to learn that Mr. 
O. J. R. Howarth, M.A., so far assistant secretary, 
had been appointed Secretary by the Council of the 
Association. But they were very sorry to part 
with their senior General Secretary, Professor H. H. 
Turner, F.R.S., Savilian Professor of Astronomy 
at Oxford, who, finding that he would be unable to 
attend the Toronto meeting of 1924, resigned this 
year, so that his successor should first have experi- 
ence of the working of a home meeting. Professor 
Turner has been a most active and universally 
popular secretary since 1913. There is a compensa- 
tion in the selection of his successor, Mr. F. E. 
Smith, F.R.S., Director of Scientific Research at the 
Admiralty, known to our readers in connection with 
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the distinguished work, both as original investigator 
and organiser, he did as Superintendent of the 
Electricity Department of the National Physical 
Laboratory. The research grants made this year 
amount to over 700I, 

Next year the Association will meet, on September 
12 to 19, at Liverpool, under the presidency of 
Sir Ernest Rutherford. For 1924 an invitation has 
been accepted to Toronto and Canada, the second 
visit to that city, and the fourth to Canada. The 
invitation was presented by Professors J. C. Fields, 
F.R.S., and J. C. McLennan, F.R.S., both of 
Toronto. The meeting is planned for September, 
and it is to be preceded by excursions. 





THE STRUCTURE OF EUTECTICS.* 
By F. L, Brapy, M.Sc. (Birmingham University). 
SECTION I. 
Tue Evrectic Graw. 
Quenching Experiments.—The eutectic consists of an 
intimate mixture of two phases, which solidify simul- 
taneously and at constant temperature. The individual 


particles of the two phases build up colonies or aggregates, 
which have been shown to be similar to the crystal grains 





Fic. 1, Zinc-cadmium eutectic, slowly cooled, 
x 40. Etched with alcoholic picric acid. 
Zine, dark. 


of a pure metal; and the more carefully the eutectic 
colony or grain is studied by quenching or etching 
experiments the more closely is the resemblance borne 
out. It is a little difficult to find a suitable word to 
represent the eutectic complex ; the most suitable word 
seems to be either “eutectic grain” or “ eutectic 
crystal.” 

Experimenta on the quenching of eutectics by R. Vogel 
are instructive, although the object of this worker was 
different. The whole of Vogel’s work is based on 
experiments on the zinc-cadmium eutectic. The struc. 
ture of the normally cooled eutectic, which contains 18 
per cent, by weight of zinc, is shown in Fig. 1. The 
dark body is the zinc. 

It was found that by pouring the molten alloy into 
a thin-walled metal crucible, the bottom of which 
was then quenched in cold water, a structure was pro- 
duced in the metal which 1s similar to that shown in 
Fig. 2, the section being cut at right angles to the 
quenched surface. To show the nature of the masses 
represented in the photomicrograph, a section was also 
cut parallel to the cooling surface and a very short 
distance away, therefore at right angles to the section 
shown in Fig. 2. Such a structure as is shown in Fig. 3 
was obtained. The metal consists of masses of material 
which are rod-like in shape, being elongated and of oval 
section. The photomicrographs shown are taken from 
samples prepared duri the course of the present 
research, but are exactly similer ‘to those given by 
Vogel in his published work. 

The structure shown in Fig. 2 is apparently coarser 
than that in Fig. 1, and is taken by Vogel as being coarser 
in reality than the slowly-cooled eutectic. The struc- 
tures shown in Figs. 2 and 3 were obtained by quenching 
the zince-cadmium alloy. 

Repeating Vogel's experiment, a sample of the alloy 
containing 18 per cent. by weight of zinc was melted and 
poured into a small box-shaped crucible made of thin 
tin plate, from which, of course, the tin had been removed. 
The alloy being still quite molten, the bottom of the 
crucible was dipped below the surface of cold water until 
the whole mass was solid. (Fig. 4 reproduces Vogel’s 
curves of linear and spontaneous crystallising velocity.) 





* Abstract of a paper. read at the meeting of the 
Institute of Metals, at Swansea, September 22, 1922. 








The structures produced in the metal were carefully 
examined, and a number of considerations made it seemt 
most unlikely that the nature of the structure was that 
stated by Vogel. The following reasons may be stated :— 

1. Upon etching the material the neighbouring so- 
called cadmium rods etched up at various rates. The 
various grades of colour may be seen in Fig. 2. 

In some cases, with the same etching reagent, the kind 
of etching produced varied. 

2. The relative surface areas occupied by the rod-like 
masses and the boundaries did not always bear the 
proportion which would be expected from the composi- 
tion. In some cases the proportion of the dark body 
was too great and in other cases too small, according to 
the rate and length of etching and the part of the field 
examined. 

3. Very careful scrutiny of the rod-like masses shows 
a gradation of the colour of the rods at the edges from 
dark to light material, instead of a definite boundary line 
which would be expected according to the theory. 

4. The same etching reagent will sometimes etch the 
specimen, so that at one place the rods are dark and the 
edges light, and on another part of the specimen the rods 
are light and the boundaries dark (see Fig. 2). 

These considerations, combined with the revolu- 
tionary character of the theories proposed for the ex- 
planation of these phenomena, seemed to demand further 
study of the structures under discussion, and all seemed 
to indicate that the rod-like masses were non-homo- 
geneous, probably consisting of an intimate mixture of 





the two phases. It was therefore decided to carry 


alcohol, were found necessary, but by patient treatment 
a sufficiently clear result is obtained. 

To obtain confirmation of this view of the quenching 
effect the property of hardness was considered. 

The Hardness of Eutectics.—The increase in hardness 
of a material, produced by increasing the fineness of the 
texture, quite apart from any alteration in the amount 
or distribution of any constituent, is very familiar, and 
this increase of hardness also takes place in eutectics. 
Several eutectics were examined by taking two samples 
of metal from the same pot, one of which was poured 
into a thin-walled metal crucible and quenched, and the 
other slowly cooled in the electric furnace. 

The hardness of samples of similar size and shape was 
measured by the Shore scleroscope, using the magnifier 
hammer. 

The values given in the paper are the mean of values 
all of which were in fairly close agreement. The figures 
show that, as in the case of other eutectics, the quenched 
zine-cadmium alloy is harder than the slowly cooled, 
the reverse of what would be expected if the quenched 
alloy had a very coarse structure. 

Further confirmation can be obtained by treating 
samples of the zinc cadmium eutectic in such a way as 
to obtain various rates of cooling. By this means all 
the stages can be obtained between the coarse structure 
of Fig. 1 and the fine structure of Figs. 2 and 3. 

It is quite definitely proved, that the growth of a mass 
of eutectic material composed of a mixture of two phases 
is exactly similar to that of a primary crystal. Eutectic 
grains or crystals are formed, on fairly rapid cooling, 





Fie. 2. Quenched zinc-cadmium eutectic. 
Section perpendicular to quenched surface. 
x 40. 
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out microscopical examination at a high power. Mag- 
nifications up to 800 were employed, at first quite 
without success, partly due to difficulties of etching, 
but further experiment perfected the method of etching 
and made microscopic examination possible, and Fig. 5 
shows the material photographed at a magnification of 
1,000, using a 3-mm. oil immersion lens, with a green 
light-filter. 

The material consists of a very fine mixture of zinc 
(dark etching) and cadmium (light etching), the zinc 
being present as globules or lamella ; therefore the light- 
etching rods are really eutectic grains or colonies, and the 
dark-etching material at the edges is the eutectic grain 
boundary. The cause of the variation in etching pro- 

rties between the centre and the outside of the grain 
is caused by the difference in the fineness of the structure, 
the structure being coarse at the edge of the grain (see 
Section IT). 

The difficulties of polishing and etching this alloy for 
examination at very high magnifications are great, 
owing to— 

1, The similarity in some respects of zinc and cadmium 
in chemical properties. 

2. The two metals differ little in hardness, thus pre- 
venting relief polishing. 

3. The material as a whole is very soft, so that surface 
flow is difficult to prevent, and easily obscures so fine a 
structure. 

The only etching reagents found possible were alcoholic 
poe acid or, better, 1 per cent. nitric acid in water. 
n each case a great number of alternate slight etchings, 





and very light polishings on Selvyt cloth moistened with 





Fie. 3. Section parallel to quenched surface, 
x 40. 


which set themselves perpendicular to the cooling surface, 
and give a structure exactly analogous to that seen in 
the cross-section of a cast brass bar. 

Fig. 2 shows several interesting features of rapidly- 
cooled eutectic material, and examples are seen both 
of the elongated first-formed crystals and of the “ free ” 
crystals further removed from the cooling surface, 
exactly similar to other quenched or cast structures. 

By quenching molten eutectic alloys similar structures 
can be obtained in many other cases, and this rod-like 
(stébchen) structure has been produced in lead-tin, 
zinc-tin and copper-silver eutectics during the course of 
the present work, and by suitable etching the cast struc- 
ture can be made quite visible to the naked eye. 

If a small sample of a copper-antimony alloy, con- 
taining 23 per cent. copper, is cast into a chill mould, an 
interesting structure is obtained, Fig. 6. Such an alloy 
consists of the eutectic between Sb and CueSb, and 
elongated eutectic grains are formed perpendicular to the 
chill surface, but the quenching is sufficiently gentle to 
allow the inner structure of the grain to be seen—a fine 
mixture of the two phases. 

The Unity of the Eutectic Grain.—The fact that the 
individual particles in a eutectic are built up into a 
colony or aggregate, the structure of which is the same 
as that of any other crystal unit, can be proved by 
etching ; by the form of the individual phase particles ; 
by the evidence of slip-bands; and by polarisation 
effects. Fig. 7 is an instructive and familiar appearance 
shown by the antimony-copper antimonide eutectic. 


SECTION II. 
Tue Srructure oF THE Eutectic Grain BounDARY. 


The Lead-Tin Alloys.—The centre of the eutectic 
crystal usually shows a structure which is one of the 
most puzzling features in connection with eutectics. 
Each eutectic grain consists of : (a) An inner portion, 
fine in grade and of uniform fineness. (b) A boundary 
of varying thickness, the grade of which is much coarser 
than (a) and of different arrangement. This structure 
was observed and carefully examined by Rosenhain and 
Tucker in their research on the lead-tin alloys. 

A number of alloys of lead and tin were made up, the 
compositions of which were near that of the eutectic 





(63 per cent. tin) and spread over a small range on either 
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side. This alloy was chosen for experiment for the follow- 
ing reasons: (a) Both metals can be readily obtained in a 
condition of great purity. (b) The alloys can be made 
up very accurately to any required composition. Great 
care was taken in melting to use a low temperature and to 
prevent oxidation; the use of “temper” alloys (alloys 
of acomposition the extreme of the range to be examined), 
which were mixed in varying proportions to give inter- 
mediate alloys, increased the accuracy considerably, as 
the analysis of’a few samples proved. (c) The eutectic 
point has been determined with great accuracy, and 
considerable work has been done on the series. 

As a result of the experiments carried out the following 
observations can be stated :— 





Fie. 5. Quenched zinc-cadmium eutectic. 


x 1000. Zinc, dark. 





structure from the normal eutectic grain, and from the 
appearance of these colonies (Fig. 10) some conclusions 
may be drawn. The two metals are arranged in poly- 
gonal areas which show, in some cases, a definite parallel 
or geometrical pattern, whereas the normal structure is 
curvilinear (see Fig. 8, and Fig. 17). Similar structures 
are found in the coarsened boundaries of the zinc- 
cadmium, cadmium-tin, and copper-silver alloys. These 
structures are similar to the general formation in such 
alloys as the tin-bismuth or lead-bismuth alloys, In 
these the surface tension conditions are of a much lower 
order. From analogy it may reasonably be concluded 
that the structure of the coarsened boundary is due, in 
part, at any rate, to decreased surface tension conditions 





Fie. 6. Eutectic of Sb and Cu,Sb. x 100. 
Etched with nitric acid. Sb, white. 





Fic. 8. Lead-tin eutectic. 63°5 per cent. 
tin. Etched with silver nitrate. x 150. 


1. In alloys containing excess lead above the eutectic 
composition the lead lamella show a thickening at the 
edges of the grains. 

2. Excess tin alloys show thickening of the tin lamelle. 

3. The under-cooling of the excess material cannot be 
prevented by seeding, for a primary dendrite can often 
be seen crossing a coarsened sere If undercooling 
were due to absence of nuclei the presence of a primary 
dendrite would prevent it. 

4. The under-cooling cannot be prevented by agitation. 

5. The effect is independent of the rate of cooling, for 
coarsened boundaries are found with a sample of metal 
cooled either rapidly or slowly. 

The most valuable information is given by microscopic 
methods, The structure of a eutectic grain in an alloy 
containing 63-5 per cent. tin (0-5 per cent. more than 
the eutectic) is shown in Fig. 8. Such samples show 
quite clearly the finely laminated inner core of uniform 
fineness and the coarse boundary with quite a different 
radial structure of increasing coarseness towards the 
edge. Fig. 9 shows other forms of eutectic grain at a 
slightly lower magnification ; in this case the lead is in 
excess and shows its presence quite clearly at the edges 
of the grains. Obviously, the material at the grain 
boundary solidifies under very different conditions from 
the inner portion. 

In certain parts of the eutectic the coarse boundary 
material forms into colonies quite distinctly different in 





Fic. 9. Lead-tin eutectic. 
tin. xX 100. 


62°5 per cent. 


Fig.11b. SAME,WITH 
CESS COPPER. 


Fig. Ila. ANALYSIS OF SAMPLE 
COPPER-SILVER EUTECTIC 
CONTAINI SILVER. 
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from those which obtained during the solidification of the 
inner part of the grain. 

The Eutectic Range.—If the term “ eutectic’? be 
taken to include all material that shows no primary 
dendrites it is obvious that, if the previous statements 
are true, the eutectic structure is to be found over a 
small range of composition on either side of the eutectic 
point. hus, some eutectic (Fig. 8) contains more 
than 63 per cent. of tin and some (Fig. 9) less. It is 
important to determine accurately the magnitude of this 
range throughout which only the laminated eutectic 
structure is found and no primary dendrites. This was 
first attempted in the case of the lead-tin alloy, but owing 














to the impossibility of accurately analysing very small 
samples of the metal this was abandoned. The copper- 
silver alloy was chosen for experiment, and provenys 
distinct advantages, since the analysis of this alloy can 
be made with greater accuracy than almost any other, 
a condition which it will be seen is very necessary. 

It was found that on very slowly cooling liquid alloys, 
containing a very slight excess of either silver or copper 
above the eutectic composition, ve considerable 
segregation took place. Alloys containing 1 per cent. 
or 2 per cent. excess copper showed a few primary 
dendrites of copper in a layer at the extreme top of the 
ingot, and vice versd. Alloys showing primary dendrites 
of one metal will give eutectic material which contains 





x 100. 





J 
) .\ a. 7 
-. ~a ‘ Xr sf 4 
Fre. 10. Lead-tin eutectic. 62°75 per cent. 
tins x 160. 


an excess of that constituent, and the eutectic in excess 
silver alloys will be richer in silver than the eutectic in 
excess copper alloys. 

After a few preliminary trials suitable alloys were 
obtained. Samples 40 grammes in weight were prepared 
with compositions 72-32 per cent. and 71-25 per cent. 
and slowly cooled in the experimental electric furnace. 
The first sample showed under the microscope the 
presence of free silver at the bottom of the ingot, which 
was sawn through vertically. A line was marked on the 
specimen showing the area containing free silver. The 
sample was embedded in lead to give support, and 
drillings were taken from various pat of the specimen 
with a fine drill ,4 in. diameter. In this way very small 
samples were en, which it was thought would show 
any local variations of composition, if these existed. 
The samples were os individually by a modification 
of the thiocyanate method recommended by E. A. Smith. 
The weight of sample taken was 0-1 gramme in each case, 
and although this weight is small the method was of suffi- 
cient accuracy to allow determinations to be made with an 
accuracy of at least one-tenth of 1 per cent. A few check 
analyses were made and the following results obtained :— 

2. 3. 

71-61 172-88 

71-61 72-90 
closely in every case. 
a sample containing 


1. 
First determination 71°71 
Check 71-68 
Standardisations agreed also v 
Fig. 11a shows the analysis m3 
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excess silver, and Fig. 118 an excess copper sample. 
The shaded portions are those containing primary 
dendrites. 

From the results of the analysis it is seen that— 

1. The eutectic in silver-rich alloys has a composition 
ranging from 71-6 per cent. silver to 72-3 per cent. 
silver, with an average value 72 per cent., the variations 
in composition being due to the difference in composition 
between the middle and boundary of the eutectic grains, 
which causes local variations in the analysis. 

2. The eutectic in copper rich alloys has a composition 
71-2 per cent. to 71-8 per cent. silver. Average value, 
71-5 per cent. silver. Thus there is a considerable 
variation of composition in eutectic material formed from 
alloys in which different constituents are in excess, and 





Fie. 12. Copper-silver eutectic, 
Etched ferric chloride. 


x 300. 
Copper, dark. 





Fie. 15. Cadmium-lead eutectic. 


x 400. 
Etched with alcoholic picric acid. Lead, dark. 


in the case of the copper-silver eutectic the composition 
of eutectic showing coarsened boundaries shows a range 
of about 0-5 per cent. variation in composition. 





SECTION III. 


CLASSIFICATION oF Evrectics, AND Form or LAMELL.. | 


In order to arrive at a division of eutectics according 
to the physical properties it is necessary first to consider 
the marked differences between metals and non-metals. 


metals, in general, when fluid are elements of high surface | 


tension and low viscosity, and thus the form of the crystal 
mass obtained from the solidification of molten metals is 
different from that obtained from the solidification of 
non-metallic bodies. Metals give rise to dendritic forms, 
which are sometimes rounded and sometimes angular, 
and the forces at work in their formation are now well 
known. In the following work principal attention has 
been given to metallic eutectics, though a few non- 
metallic eutectics have also been considered. 

The eutectics examined and enumerated later fall into 
four classes: (1) Globular, (2) lamellar, (3) angular, 
(4) crystalline. 

First Class—Globular.—This class includes eutectics 
between metals both of which are of fairly high surface 
tension, ¢.g., copper, silver, zinc, cadmium. Among such 
eutectics, the metal of highest surface tension is present in 
the smaller amount. In the case of two metals separating 











simultaneously from a homogeneous liquid, and in 
contact with each other, surfaces are formed at which 
solidification is taking lace. This surface, the bo 
between two materials of different composition, will 
form under the influence of surface tension, and the 
surface force will depend on the difference in the surface 
tensions of the two materials separating. Thus, at the 
surface of a particle of the metal of higher surface tension, 
there will be a force acting which will tend to cause it to 
form globular masses, or masses which approximate to 
the globular as much as the other forces acting will allow. 
There are numerous examples of this class. 

Second Class—Lamellar.—In the case of the two metals 
separating side by side, of very nearly equal surface 
tensions, and present in nearly equal proportions (by 
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Fia. 13. Tin-cadmium eutectic. x 600. 
Cadmium, dark. Etched with chromic acid. 





Fie. 16. Zinc-tin eutectic. 
with dilute nitric acid. Zinc, dark. 


x 100. Etched 


volume), there can be no very great surfacial forces 
acting upon either, and neither tend to form globular 
masses. In such circumstances the two metals separate 
in continuous plates or sheets, curvilinear or reticulated, 
the simultaneous solidification proceeding as the mass 
cools. Such a material gives the lamellar structure. 

Third Class—Angular.—This class occurs in mixtures 
of metals, at least one of which has: (1) Low surface 
tension, or (2) high cohesion. Either case will allow 
of the formation of masses of crystalline contour or 
crystalline arrangement. In this class the surface 
tensional forces, tending to form masses of rounded shape, 
are overcome by the cohesive forces of crystallisation, 
which tend to produce masses of crystalline contour. 
This gives a characteristic appearance to the eutectic. 

Fourth Class—Crystalline.—The term “ crystalline ”’ 
alludes, of course, only to the surface appearance of the 
alloy, it being well known that all metals solidify in the 
crystalline, as opposed to the vitreous condition. This 
class is represented by those eutectics in which both 
the phases have low surface tensions, and form, on 
solidification, merely a mass of contiguous crystals of 
the two phases. Few metallic alloys belong to this class, 
for reasons already stated, but it includes most of the 
non-metallic eutectics examined. 

Class 1—Globular.—This classification was suggested 
by the examination of a few of the metallic eutectics, but 
has since been confirmed by observations on a much 











larger number. For the purpose of proving the validity 
of the proposed arrangement, the only valuable eutectics 
are those simple binary eutectics between pure metals 
or solid solutions of pure metals, the surface tensions of 
which are accurately known. Of the 17 binary eutectics 
examined, 16 fall quite definitely and naturally into the 
appropriate class su ted by theoretical considerations. 
e only exception is the zinc-tin eutectic, and this lack 
of agreement may be partly due to the difficulty of 
interpreting the microscopic structure, which differs 
radically from that of any other alloy examined. 
Photomicrographs are given of four eutectics in the 
first division, and all show quite distinct globules of the 
high surface tension body. The cadmium-tin eutectic, 
Fig. 13, is particularly clear and interesting, and shows 


Fie. 14. Zinc-cadmium eutectic. x 250. 
Etched with picric acid. Zinc, dark. 





with silver nitrate. Lead, dark. 


a structure which is globular only in places ; other parts 
of the field show the so-called ‘lamellar’ structure. 
It should be understood that in all cases in this class the 
structure of the eutectic varies from place to place, 
being not globular over the whole surface. Parts show 
a striated structure, and this class is intended to include 
those alloys in which the surface tensions have been such 
as to allow of the formation of globules in certain places 
in the alloy. The surface tensions of a series of molten 
bismuth-tin alloys were measured by Smith, and the 
surface tension was found to be a linear function of the 
composition. In many cases examined the eutectics are 
not between pure metals, but between solid solutions of 
the metals, and this fact is of great importance, and 
must considerably affect the forces at work. 

The Coalescence of Pearlite—The structure shown in 
Figs. 12, 13 and 14, and Fig. 15, must be carefully 
distinguished from the structure observable in a pearlitic 
steel which has been very slowly cooled through the 
critical range. This structure, though superficially 
similar in some respects, differs anateaky in respect of 
the cause produci it. The alloys examined were 
made up in a small electric furnace, and for convenience 
the rate of solidification was somewhat slow, the eutectic 
arrest being between 3 minutes and 10 minutes for 
samples weighing 30 grammes to 50 grammes. The 
coalescence of pearlite, on the other hand, is only pro- 
duced by extremely slow cooling .or by very extended 
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annealing, at temperatures only a little below the forma- 
tion temperature of the eutectoid. A number of experi- 
ments were carried out to examine the effect, if any, 
of rate of cooling on the formation of globules. A small 
sample (35 grammes) of ig eutectic was cast 
into a cold ingot mould. lidification is very rapid 
under such conditions. Even at the highest magnifica- 
tions, only the structure at the edges of the grains could 
be resolved, but globules were quite common. Other 
samples were cast into hot ingot moulds with a similar 
mn “y A sample of metal allowed to cool in the crucible, 
in air, gave a structure which could just be resolved 
by the use of a 3-mm. oil immersion lens, and the globular 
structure was quite clearly shown. 

This shows that whereas the globular structure of 
pearlite may be described as pathological in character, 
that of these eutectics is a fundamental property under 
ordinary conditions of cooling. The alteration in 
structure produced by varying the rate of cooling is only 
in respect of size and not of character in these alloys. 

Another important point is that whereas the coalescence 
of pearlite oe proceeds at relatively high temperatures, 
when molecular activity is great, the globular eutectic 
structure is readily formed at temperatures below 
200 deg. C. (see Fig. 13). 

The coalescence of pearlite has been shown by many 
workers to be due to diffusion in the solid state. The 
lamelle of the one constituent, iron-carbide, formed 
on initial separation of the eutectoid, are surrounded by 
ferrite. At any temperature the ferrite is saturated 
with iron-carbide in solution. The tendency of a 
particle of carbide to go into solution is greater the 
smaller its size (i.¢c., the greater its surface), and solution 
and redisposition take place until the lamelle have been 
broken down into (1) a string of irregularly-shaped small 
masses, and then (2) a smaller number of large isolated 
particles of carbide, irregularly distributed. 

Taking into account the difference in conditions 
between the two cases, it seems certain that the forma- 
tion of globular eutectics is due to a movement of one 
constituent en masse during solidification and not to a 
process of diffusion in the solid. 

Figs. 12, 13 and 14, and Fig. 15, show various types 
of globular structure. Quite definite structures are 
shown by both the cadmium-lead and zinc-cadmium 
eutectics. The zinc-bismuth eutectic shows quite a 
distinct globular structure, somewhat difficult to reveal 
clearly, because of difficulties of preparation, and no 
photomicrograph is given. The globules in the case of 
the copper-silver eutectic seem to be arranged in an 
intricate interwoven design, different in some respects 
from the others in which the globules are frequently 
arranged in continuous rows (Fig. 13). 

The examination of eutectic grains of varying orienta- 
tion seems to indicate that the one phase in some forms 
of eutectic exists in rod-like masses and not only as 
globules. The fact that one part of the surface shows 
strie and the other part circular patches suggests this. 

Further research may show what is the true character 
of the structure, for superficial microscopic examination 
is unable to distinguish between the two cases. It is 
proposed to examine this point by a similar method to 
that employed by Benedicks in his research on the 
structure of the white-iron eutectic. 

The Zinc-Tin Eutectic.—The zinc-tin eutectic is the 
only one examined which fails to agree with the classifica- 
tion. From a consideration of surface tension con- 
ditions, it would be expected that the zinc would be 
present in the form of globules. This is occasionally 
so, but the usual structure is, as shown in Fig. 16, quite 
different from any other examined. The eutectic con- 
tains 10 per cent. by weight of zinc. Some parts of the 
eutectic show long endiie broken into smaller lengths, 
and parts show a curious hieroglyphic appearance. The 
equilibrium diagram, according to most workers, is of 
the simple eutectic type, though evidence has been given, 
according to some workers, for the presence of a com- 

und on the zine side. If this is so the eutectic is 

etween tin and tin-zinc compound instead of between 
tin and zine. Guertler, however, considers the evidence 
insufficient ; but in view of the facts mentioned and the 
difficulty of interpreting the structure, it is better to defer 
consideration of this alloy until further information is 
forthcoming. 

Class 2—Lamellar.—The only example of this class 
found so far is the lead-tin alloy. The surface tensions 
of lead and tin are respectively 424-5 and 480 dynes 
per centimetre, and approach one another more nearly 
than any other metal pair examined. This enables the 
two metals to form the long, continuous plates which 
are so characteristic of this eutectic. ese curved 
plates show no tendency to break down, except at the 
edges of the eutectic grain. In the course of experiments 
on the rate of cooling of this alloy over 80 different 
eutectic lead-tin alloys were examined after various 
rates of cooling. None of them showed any tendency 
to the globular form. The very beautiful structures 
shown by this eutectic consist of curved or undulating 
bands, the undulations being repeated in each band of the 
eutectic. A great variety of structure can be obtained : 
a common form is shown in Fig. 17. A number of 
very fine photomicrographs of lead-tin alloys are given 
by Rosenhain and Tucker in their research on this series, 
and show several varieties of the laminated structure. 


(To be continued.) 





Tae Instrrvurion or Crvm Enoargeers Rott oF 
Honovr.—It is announced that H.R.H. the Duke of 
Connaught has kindly consented to unveil the Roll of 
Honour which has been erected at the Institution of 
Civil Engineers to the memory of its members and 
students who lost their lives in the war. The ceremony 
will take place at 4 p.m. on Friday, October |27. 





CATALOGUES. 


Insulators.—A well-arranged and very complete cata- 
logue of insulators has reached us from Messrs. Johnson 
and Phillips, Limited, Charlton, London, 8.E. 7. 


Pipes.—A list of cast-iron pipes in stock and a long 
list of users of their concrete pipes has been issued by 
a Stanton Ironworks Company, Limited, near Notting- 

am. 

Iron Tubes.—A circular giving instructions for heating 
“ Armco ”’ quality ingot iron tubes has been issued by the 
Scottish Tube Company, Limited, 34, Robertson-street, 
Glasgow. 


Air Meter.—A catalogue describing the application 
of their Rotameter to checking the air consumption of 
pneumatic tools is to hand from Messrs. Trost Brothers, 
26, Little Park-street, Coventry. 


Building Materials.—An illustrated catalogue of parts 
for erecting pillars, arches, corners, ornamental features 
and other details is to hand from the Tileform System, 
11 ,Hanover-square, London, 8.W. 1 


Turbine Governor.—A governor of the deflector type 
for impulse turbines is described in a special catalogue 
issued by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2. 


Boiler Furnaces.—Five new leaves to be added to their 

forced-draught furnace catalogue, and illustrating com- 

lete equipments, have been received from Messrs. 
Nschdrena, imited, Timperley, near Manchester. 


Drills.—The third edition of their booklet of drill 
data, giving much useful information on the subject 
of the grinding and use of twist drills has come to hand 
from Messrs. Edgar Allen and Co., Limited, Sheffield. 


Condensers for Power Factor Improvement.—Static 
condensers for power factor improvement are described 
in a catalogue issued by the Telegraph Condenser 
Company, Limited, Norwich House, Southampton- 
street, London, W.C.1. 


Lubricator.—A further edition of the catatogue of 
ar tae mea lubricators, made by Mr. Charles W. 

ichardson, Lower Carrs, Stockport, has been received. 
Prices for the three types are given, together with prices 
and illustrations of each separate part. 


Pulley Blocks.—Illustrations of an electrically - ated 
pulley block for lifting and for traversing a single joist, 
taking very little head room, appear in a catalogue 
received from Medway’s Safety Lift Company, Limited, 
35, Surrev-street, Strand, London, W.C.2. 


Nut Lock.—A washer placed on top of the nut for 
preventing the loosening and loss of nuts on vehicles or 
machines subject to much vibration is illustrated in a 
catalogue issued by Messrs. Rownson, Drew and Clydes- 
dale, Limited, 225, Upper Thames-street, London, E.C.4, 


Roller Bearings.—A number of useful practical sugges- 
tions relating to the methods of fitting tapered roller 
bearings and the allowances for cups and cones, chiefl 
in connection with motor car work, are given in a sm 
journal issued by Messrs. British Timkin, Limited, Ward 
End, Birmingham. 


Pransformers.—High-tension transformers especially 
suitable for X-ray work, are fully described, together 
with all the necessary equipment for surgical and 
laboratory use, in a 36-page catalogue received from 
Messrs. Watson and Sons, Limited, Parker House, 
Kingsway, London. W.C.2.; 


Road Making.—We have received the first number 
of an interesting periodical entitled ‘‘ The Roadmaker,” 
which is issued by the British Reinforced Concrete 
Engineering Company, Limited, 1, Dickinson-street, 
Manchester. It contains articles of general interest 
on the subject of road-making. 


Tanks, &c.—Many examples of rectangular and 
cylindrical tanks of welded and riveted construction 
with manholes and other fittings, are shown in a new 
catalogue received from Messrs. Frederick Braby and Co., 
Limited, Glasgow. Similar work, such as chimneys, 
oil bath gear cases, &c., is also illustrated. 


Belt Drives.—The well-known system of belt driving 
of the Compagnie Universelle des Transmissions Lenix, 
5, Rue Fenelon, Paris, who are represented in this 
country by Mr, Charles A. Matthews, 47, Whitelow-road, 
Chorlton-cum-Hardy, Manchester, is described in a 
catalogue which has recently come to hand. 


Smithy Equipment.—A catalogue of all necessary 
equipment for the blacksmith’s shop comes from Messrs. 
Alldays and Onions, Limited, Birmingham. This is a 
general catalogue. to be followed, when required, by 
sectional catalogues dealing in a more detailed manner 
with each of the several classes of tools, machines, &c. 


Flour Mills.—Meesrs. Henry Simon, Limited, 20, 
Mount-street, Manchester, have issued a description of 
flour mills in Northern France designed by them 
with the cleaning, grinding and conveying machinery. 
Included among the installations is the Grands Moulins de 
Corbeil, near Paris, the largest single flour mill in the 
world. 


Winding Engines.—Messrs. Robey and Co., Limited, 
Lincoln, send a new catalogue of winding engines with 
electric drive, in which many illustrations of typical 
plants supplied to mining companies at home and abroad 
are given, together with descriptions of the various safety 
devices and variable speed gears which form so important 
a part of these appliances. 


Gas Producers.—A fitting for attachment to fixed Fate 
gas producers consisting of a box plate with i le, 
closed by a ball, and arranged so that an annular jet 





of steam prevents the escape of gas when the hole is 
open, is described in a circular received from the Wellman 
Smith Owen Engineering Corporation, Limited, 36, 
Kingsway, London, W.C.2. 

Cranes, &c.—Four catalog dealing with electric 
overhead cranes, hand overhead runways, retort c 
and tubular shear legs have been issued by Messrs. 
Herbert Morris, Limited, Loughborough. All these are 
lifting appliances —_ rails, standards and other addi- 
tional parts requi to serve the special purposes 
indicated in a rapid, convenient and safe ewe 


Internal-Combustion Engines.—A catalogue of oil, 
gas and petrol engines, of specially | gas engines and 
of various kinds of gas p cer plus i been issued by 
the National Gas Engine Company, Limited, Ashton- 
under-Lyne, to give a general idea of their products. A 
special catalogue of each type of engine and prod 
with fully detailed particulars, has also been prepared. 


Drilling Machines.—A catalogue of drilling machines 
illustrating a large range of sizes has been received from 
Messrs. A. A, Jones and Shipman, Leicester. These 
machines are provided with the fullest number of feeds, 
speeds, and with rapid and precise adjustments. Several 
multi-spindle hines, a itive radial arm machine, 
and a bar-centering machine are also dealt with in the 
catalogue. 

Furnaces.—A handsomely-printed catalogue of fur- 
naces, with much technical information on the subject 
of fuel and furnace working, has reached us from Messrs. 
G. P. Wincott, Limited, Attercliffe-road, Sheffield. The 
furnaces referred to include those for annealing and re- 
heating, and also semi-gas-fired furnaces, waste heat 
boilers, &c., many illustrations being given of large 
installations. 


Pipe Fittings.—A comprehensive catalogue of pipe 
fittings made in malleable iron, soft cast-iron, ferro- 
steel, cast steel and gun metal, is to hand from Messrs. 
Crane Bennett, Limited, of Ipswich, and 45, Leman- 
street, London, E.1. All the standard connecting and 
branchin are included in a full range of sizes, 
and are illustrated in each variation; tables of dimen- 
sions and prices are given. 

Oi Engines.—A new catalogue, containing a full 
description with illustrations and dimension tables, of 
their cold-starting oil engines has been issued by Messrs. 
Ruston and Hornsby, Limited, Lincoln. These engines 
are made with single cylinders, in eleven standard sizes, 
from 15 b.h.p. to 170 b.h.p., and with two cylinders 
in six sizes from 100 b.h.p. to 340 b.h.p. Both series are 
of the horizontal type and can use almost any fuel oil. 


Bali Bearings for Line Shafting.—Ball bearings, hous- 
ings, supports of all standard forms, pulleys and other 
necessary parts for erecting line shafting, are the subject 
of a special catalogue received from the Skefko Ball 
Bearing Company, Limited, Luton, Tables of dimen- 
sions are given, together with instructions for erectin 
line shafting. Complete countershafts in five sizes wit 
shafts ranging from 1 in. to 2 in. in diameter are also 
listed. 

Mine Equipment.—A catal of “Line Material 
for Mines,”’ received from the Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, U.8.A., deals 
with nearly everything required for fitting up electric 
transport lines in mines, from electric locomotives, 
transmission lines and gear, to small tools and construc- 
tional materials. The illustrations are clear and the par- 
ticulars given are fully and clearly stated; prices are 
also mentioned. 


Suction Dredgers.—An impressive array of suction 
dredging plant, land and marine, with steam and electric 
drives, is illustrated in a special catalogue issued by 
Gwynnes Engineering Company, Limited, Hammer. 
smith, London. These machines raise sand, gravel and 
stones and convey the spoil along pipes for considerable 
distances. For raising vel from pits, and for land 
reclamation work, they have been used satisfactorily. 
Several illustrations are given of powerful canal, river 


and other dredging vessels. 


Injectors, &c.—Several illustrated catalogues to hand 
from Messrs. White’s Injectors, Limited, Pendleton, 
near Manchester, deal separately with injectors of 
various patterns, ejectors and heaters, injectors and 
lifters specially suitable for steam wagons, exhaust 
injectors for returning waste heat to the boiler in the 
form of very hot water, standpipes and various fire- 
extinguishing appliances, oil burners for boiler firing 
and exhaust heads for connection to pipes of from 
1} in. to 12 in. in diameter. 


Central Exhaust Engines.—Illustrations of a series of 
engines of this type ranging from 150 h.p. to 1,260 h.p., 
but mostly of about 300 h.p. to 600 h.p., are given in a 
catalogue received from Messrs. Cole, Marchant and 
Morley, Limited, Wakefield-road, Bradford. All the 
engines are of the horizontal type, and are simple and 
compact and very economical in steam consumption. 
The same firm send another publication containing 
interesting views of their works and of engines and heavy 
mill work in course of erection. 


Steelwork.—A record of a century of progress of the 
work of the Horseley Bridge and em mney d Company, 
Limited, Tipton, Stafis., which has issued by that 
firm, is of exceptional interest. The illustrations of 
bridges, sheds, wharves, cranes, holders and other 
specimens of the firm’s productions are excellent. It 
may be interesting to mention that in 1822 this firm built 
the first iron steamship, the Aaron Manby, for service 
on the Seine. This vessel was 120 ft. long, 18 ft. in 
beam, of 42 in. draught and of 80 h.p. It was built at 
Tipton, ship in parts to the Th and bled 
at Rotherhithe, proceeding after trial to Paris. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
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ELECTRICAL APPARATUS. 


180,714. J. Y. Fletcher, London, and R. J. H. Hill, 
London. Heating Elements of Electric Fires. (2 Figs.) 
October 5, 1921.—This invention has reference to heating 
elements in which a coiled resistance e is wound in a grooved 
helix on an insulating support c, and,according tothis invention, 
the insulated wire 5, which acts as an anchor or support for the 
colled resistance Wire e, is threaded through insulating beads, and 


the resistance e with the bead-covered holding wire 5 is passed 
through the central opening in the grooved support, after which 
the ends of the -cove' holding wire 5 are fixed at or about 
the base of the support by screws 6. The bead-covered holding 
wire 5 is pulled sufficiently tight to hold securely the resistance 
wire ¢ in the grooves, and the beads effectively insulate the wire 5 
from the resistance. (Sealed.) 


180,865. The Villiers Engineering Company, Limited, 
Blakenhall, Wolverhampton, and . Bradley, Penn., 
Wolverhampton. Combined Ignition and Lighting Mag- 
neto Generators. (2 Figs.) April 27, 1921.—This invention 
relates to combined — and lighting magneto generators. 
The armature is of or like shape and comprises uprights 
A, A2 connected by a cross bar A5 forming the core of the ignition 
windings B. Where the cross bar A5 unites with the uprights the 
latter are enlarged to form cheeks A‘, A5, between the respective 
adjacent points A6 of which is the usual gap which the pole 
pieces C2, C5 of the magnets © are adapted substantially to 
bridge, as well as the corresponding opposite gap between the 
extremities A’? of the uprights A, A2. Upon the uprights are 
mounted the ‘coils D, D2 forming the winding for the lighting 
circuit, and these are connected in series and have their ends 
brought to terminals D4, D5. The cheeks A‘, A5 are so shaped 
that they partly surround the windings D, D2 at one end of 
each of the latter, and they terminate at points A‘, between 
which and the points A® are gaps substantially corresponding 
in length with that between the points A‘ and also that ween 
the points A?. The manner in which the coils D, D2 are wound 
and connected together in series is such that when the pole 
pieces C2, C5 sweep across the igaps A6-A6, A7-A7, the electrical 





pressures generated are of the same sense, and thus the external 
cireuit is acted u by their vector sum in the known manner. 
With the foregoing arrangement. however, when the magnet 
poles C2, C5 sweep along the windings D, D2 lengthwise of the 
armature uprights, the pressures generated in the respective 
windings, in the absence of the features which distinguished this 
invention, would either completely or virtually neutralise one 
another and thus uce no effect upon the external circuit. 
The important feature of the invention therefore resides in the 
arrangement of the gaps extending across the respective windings 
D, D2 between the points A* and A9, so that in reference to the 
rotational axis O of the magnets, they are not diametrically 
opposite to one another, and consequently with ref to the 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


180,725. E.A. Graham, Brockley. Exhaust Silencers. 
(10 Figs.) January 29, 1921.—This invention relates to exhaust 
silencers in which the casing is built up of a number of short 
tubular elements and provided with internal transversely- 
arranged perforated baffle plates mounted on a central tube that 
is open at each end to the atmosphere, and through which a current 
of cooling air is induced to pass when the silencer is in use. A 
termina! plate a having an exhaust inlet 6 is tied to an opposite 
terminal plate ec by a tubular bolt d, one end of which is directly 
screwed into the boss ¢ of the plate a and the other being freely 

through a boss f of the plate c and clamped thereto. 
One end of the bolt d is open to the external atmosphere so that 
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cooling air can readily enter it. The discharge end of the bolt d 
is extended and formed as a nozzle i surrounded by a hood j 
secured to the plate ¢ so that the exhaust gas issuing from the 
hood j will induce cooling air to flow through the bolt din known 
manner. The body of the silencer comprises tubular members k 
adapted to fit one another spigot and sccket fashion, in which 
relationship they are securely held by the terminal plates a, c, 
when the latter are clamped together by the bolt d. The silencer 
is fitted with baffle plates 1, 2, 3, 4, 5, which are secured in place, 
due to the clamping action of adjacent pairs of the members k 
upon the peripheral margin of each such plate. (Accepted 
June 14, 1922.) 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 


180,895. M. White, York, and A. E. Clegg, Roundhay, 
Leeds. Cam Actuated Valves. (2 Figs.) ay 28, 1921.— 
This invention relates to cam-actuated valves for operating glass 
machinery. According to this invention, the cams which operate 
the valves are mounted and fixed on a rotating shaft (herein- 
aiter termed “ camshaft”) and are made adjustable round 
the camshaft in an are struck from the axis of the latter. 
The camshaft 3 is rotated in the direction indicated by an 
arrow and has a cam 4 fixed thereon. 5 is a valve casing con- 
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taining a valve 6 having a stem 7 which carries a roller 8 running 
in contact with the cam 4. The head of the valve casing 5 is 
supported by the camshaft 3 through arms 12 formed integral 
with the valve casing 5, while the rear end of the latter is 
carried by the fixed plate 1 by means of an adjustable pivoted 
screwed rod 13. It will be seen that the valve 6 is thus 
adjustable round the camshaft 3 in an. are struck from 
the axis of the latter so as to enable the valve 6 to be 
operated by the cam 4 at the proper time whilst the machinery 
is in motion. (Sealed.) 


180,809. Kennedy Skipton and Co., Limited, Leicester, 
and J. F. Brooks, Leicester. Machines for Grinding Twist 
Drills. (4 Figs.) March 23, 1921.—This invention relates to 
machines for grinding the points of twist drills. The main 
feature of the improved machine constituting the present in- 


| vention is a callipering arrangement which, by using the two 


lips or cutting edges of each drill as a basis for gauging purposes, 
determines the relative approach of the drills and grinding disc 
in proportion or other prearranged relation to the diameter of 
the drill. In the preferred embodiment of the invention the drill 


(80.808) —" 


is held in a carriage 8, 9, 10 mounted to pivot on the machine 
frame so as to be capable of universal movement or move- 
ments in a vertical and horizontal direction about its point of 
support. By means of the carriage the drill is ape ae to the 
grinding disc 6 which is mounted upon a suitably driven shaft 
carried in fixed bearings. The callipering arrangement 31 is 





magnet es C2, C3 are angularly staggered. From this it will 
be seen that maximum excitation of the two coils D, D2 cannot 
take place at one and the same time, and, as a consequence, 
there will be a period in the activity of each coil during which the 
external circuit will be beneficially acted upon by it, and thus 
the normal output of the generator will be materially increased 
without corresponding increase in its size or the sizes of its 
component parts, and its overall efficiency will consequent 


its initially compact arrangement. (Sea 


bined with the carriage and operates in conjunction with an 
adjustable —— gauge 42, 47 carried on the machine frame for 


determining the approach of the drill to the grinding disc. 
(Sealed.) 


MINING, METALLURGY AND METAL-WORKING. 


180,377. R. Grandison, Rosebank, Gilmerton. Mine 
Cage Safety Apparatus. (2 Figs.) June 3, 1921.—This 
invention relates to safety suspending apparatus for mine cages 
of the type in which an auxiliary rope connected at its ends to 





ly be 
considerably improved without added aaa or departure fom 


the cages passes round head sheaves at the top of the shaft and 


is given several turns around a sheave on the winding drum 
shaft. A ding to the p t invention, the main and auxiliary 
Tropes pass over co-axial double head-sheaves. The safety 
rope 1 oom around a _ of guide pulleys 20 mounted at the 
top of the pit shaft side by side with the co-axial haulage pulleys 
21, a double head-sheave 20, 21 being employed. The safety 
rope 1 passes around a main pulley 22 which is mounted to turn 
with the shaft 23 carrying the winding drums 24 of the haulage 
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To 8. By this arrang t the engi n can control the 
safety rope pulley 22 as well as the winding drums 24, the safety 
rope pulley 22 being disposed between the two winding drums 24 
and fixed upon the same shaft. The safety rope pulley 22 is 
provided with a rim broad enough to enable two or three turns 
of the safety rope 1 to be made around the pulley 22. The 
application of the brakes on the es shaft 23 will also control 
the safety rope pulley 22 both when winding and when the haulage 
rope breaks. (Sealed.) 


MOTOR ROAD VEHICLES. 


179,665, John I. Thornycroft and Co., Limited, West- 
minster, and V. G. Barford, Basingstoke. Side Tipping 
Wagons. (5 Figs.) February 11, 1921.—This invention relates 
to vehicles having bodies tipped to either side by the altera- 
tion of position sideways cf the body itself, and particularly 
to arrangements described in specification 175,739, and consists 
in the provision of tipping gear comprising a quick pitch screw and 
worm arrangement and auxiliary means adapted automatically 
to render the gear self-locking at any time. A pulley a at each 
end of the vehicle is mounted in a jaw b, Figs. i, 2, on a tube c 
sliding in a bearing d between channel irons e, the lower end 
having a crosshead g with rollers A guided by the irons e, the 
crosshead being filled with¥white metal i to act as a nut on a 
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quick-pitch screw j extending into the tube and held by a collar ¢ 
and thrust bearing m. The lower end of the screw j carries a 
spiral wheel n ing with a left-hand quick-pitch worm o on a 
shaft p conn to a crank handle t, Fig. 3, at the rear, by a 
lost motion rotary connector s. The shaft p is capable of smal! 
longitudinal movement to allow a friction member u thereon to 
engage a fixed outer clutch member v and to allow a pin 3 thereon 
to move in a triangular cam slot 1, 2 in a hollow sleeve mounted 
in bearings z, the sleeve extending to a stub spindle w and forming 
the connectors. Reaction between the screw j and nut inormally 
tends to move the shaft p to the rear to close the clutch w, °, 
the pin 3 moving along the wall 2 of the cam. Clockwise move- 
ment of the handle ¢ displaces the shaft p, opens the clutch, and 
drives the gears, and release of the handle automatically operates 
the clutch. Counter-clockwise movement of the handle ¢ opens 





the clutch by reversing the reaction between the worm o and 
wheel nm. (Sealed.) 





